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One of the many research teams and groups 
in the USSR engaged in building mathemat- 
ical economic models and systems of models 
for long-term territorial planning is the 
Institute of Economics and Industrial Organi- 
sation of the Siberian Department of the 
USSR Academy of Sciences. Its basic prop- 
ositions on employing mathematical economic 
methods of modelling in territorial industrial 
planning, and its variant of a system of 
models have been set out in group monographs 
and individual papers prepared by its staff 
(e. g. Optimal Territorial Industrial Plan- 
ning, Nauka Publishers, Novosibirsk, 1969; 
A. G. Aganbegian, K. A. Bagrinovsky, and 
A. G. Granberg, A System of Models for 
Economic Planning, Mysl Publishers, Mos- 
cow, 1972, and others). 

The main object of the work of the Insti- 
tute’s sector on the forming of territorial 
industrial complexes is to develop a logical 
scheme and instrument for optimising their 
formation. The main subjects being studied 
are large intraregional territorial industrial 
cumplexes of the rank of the Sayan, Central 
Ob, Central Angara (Bratsk-Ilimsk), Irkutsk- 
Cheremkhovo, and Kuzbas complexes, which 
are approximately of the same size, and of 
equal national significance. Complexes of 
other ranking, viz. economic regions and 
industrial centres, are investigated in other 
studies being made in the Institute. Our 
sector concerns itself with them only insofar 
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as is necessary to analyse the formation and functioning of 
the objects of our research. 

The main objectives of this collection of papers are the 
following: 

(a) study of territorial industrial complexes as an object 
of modelling; 

(b) the distinguishing of factors determining the time, rates, 
scale, and direction of the development both of territorial 
industrial complexes as a whole and of their separate parts, 
the siting of all the economic elements of a complex, and the 
shaping of its external and internal links; 

(c) the means of quantifying these factors and conditions; 

(d) the search for means for adequately expressing the main 
features of a complex mathematically as a form of spatial 
organisation of the productive forces, of the factors affecting 
the formation of complexes and their operation condi- 
tions; 

(e) the development of approaches to the use of mathematical 
economic modelling for resolving territorial pre-planning 
problems; 

(f) the development of an instrument, i.e. of a group of 
models, for optimising the formation of a territorial industrial 
complex as a whole and of its separate elements; 

(g) determination of the composition of the initial informa- 
tion and of the specific features of preparing the data for solving 
mathematical economic problems relating to complezes; 

(h) the working out of directions and apparatus for analysing 
the results of the solutions of these optimisation problems con- 
cerning the forming of a complex, and the finding of ways of 
applying the results in practice in pre-planning territorial 
research. 

Several stages can be distinguished in our formulation of 
the approach and instrument for solving the optimisation 
problems of organising territorial industrial complexes. The 
beginning of the work (1964-5) was an investigation of a sepa- 
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rate complex by means of one territorial model. Then (1965-6) 
we went on to the investigation of a system of complexes and 
the building of models of production cycles. The next stage 
(1966-8) was a transition to breaking the problems for a system 
of complexes and individual ones down into sub-problems, 
and the development of models of various kinds for them. That 
was a qualitatively new period, differing in principle from 
the preceding ones, the stage of delineating a sub-system of 
production models of a region and of a group of models for 
optimising development of the industries of a single territorial 
industrial complex, and of arriving at a solution of the first 
practical problems. By 1970 quite clear ideas of the object, 
of the content of the problems, and of the possibilities of the 
models and programs had taken shape. Finally, the next four 
years (1971-4) were a period of the thinking out and checking 
of the approach and models by tackling practical problems 
of large dimension, and by exploring certain matters of princi- 
ple in depth, though still without resolving them, such as improv- 
ing analysis of the results of solutions, passing to the use of 
dynamic models, and investigation of the links between the 
models themselves and the other elements of the system of models 
for long-term territorial planning. 

The directions of the work also determined the structure 
of this book. The first two parts are devoted to an exposition 
of the general problems of modelling and to a detailed descrip- 
tion of the concrete models. The third part presents the results 
of certain exploratory work. Two chapters (11 and 12) are 
devoted to analysing the properties of the territorial industrial 
regional mesomodels suggested by us, and to describing their 
main features. An important trend in our future work will 
be to improve analysis of the results obtained; for that reason 
we investigate shadow prices (Chapter 13) and the indeter- 
minacy field of optimal solutions (Chapter 14). Since we still 
do not have working non-linear programs, it is urgent to explore 
the ways of taking non-linear dependences into account in 
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linear models (Chapter 15). Finally, we have tried to determine 
the effect of the solution of territorial problems. 

Our book includes only those models that can be used to 
tackle practical problems. 

At the beginning of the work in our Institute on the optimisa- 
tion of formation of territorial industrial complexes neither 
the object of the research itself nor the problems of organising 
it were new. We adopted the commonly accepted propositions 
of the theory of territorial industrial complexes as a form of 
territorial division of labour, and set ourselves a very narrow 
aim, that of trying to find the application of a new apparatus 
to known problems. Our team tried to make do with the terms 
already in currency; taking the practical bent of the work into 
account, we oriented ourselves simply on the initial information 
available for processing and already adjusted programs. When 
the use of individual terms created ambiguity, we introduced 
our own understanding of them. The terms ‘space’, and ‘territo- 
ry’ are employed as synonyms to avoid combinations like 
‘territorial structure of a territorial industrial complex’. Three 
terms are used to signify territorial industrial taxonomic units, 
viz. territorial industrial combination, irrespective of its rank; 
industrial centre, and territorial industrial complex, when 
it is a matter of the objects that we are investigating. 

On the whole, as the work proceeded, we increasingly came 
to the view that the flexibility of the modelling process made it 
possible to represent the main features of a complex as forms 
of the territorial organisation of the productive forces and 
patterns of the organisation of complexes while the analytical 
possibilities of models made it possible to understand the inner 
mechanism of the process itself. Going over to quantitative 
methods helped us not only to improve the standard of our 
research, making it more rigorous and convincing, but also 
to improve the practical return from it. 

We consider the approach and the group of models for optimis~ 
ing the formation of complexes set out in our papers as a pro- 
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posal for a logical scheme and instrument for dealing with 
certain problems of long-term territorial planning at the pre- 
planning, investigatory stage. No modelling, however perfect, 
guarantees full representation of all the processes in the forming 
and functioning of complex economic elements, including 
territorial industrial complexes. We, therefore, consider the 
variant of the formation of a complex obtained through optimisa- 
tion as only a certain approximation to the economic optimum 
for a certain set of given parameters and permissible limits of 
indeterminacy. 

The approach proposed, and the sequence of the solutions and 
models, are not universal. They were developed in application 
to Siberia and reflect the conditions of the formation and 
functioning of territorial industrial complexes in newly devel- 


oped areas. 
M. K. Bandman 
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Part I INITIAL PROPOSITIONS FOR 
OPTIMISING 
THE FORMATION OF TERRITORIAL 
INDUSTRIAL COMPLEXES 


i 


THE SIGNIFICANCE, SEQUENCE, AND 
INSTRUMENT OF OPTIMISING THE 
FORMATION OF TERRITORIAL 
INDUSTRIAL COMPLEXES 


M,. K. Bandman 


1, PROBLEMS OF IMPROVING THE PRE-PLANNING 
PREPARATION OF TERRITORIAL 
INDUSTRIAL COMPLEXES 


Territorial organisation of the productive forces, based on 
maximum employment of the natural and economic condi- 
tions of separate areas, joint location of all the elements 
of the economy, and comprehensive exploitation of resources 
and of the advantages of the territorial division of labour 
are one way of raising the efficiency of social production. 
The effectiveness of a territorial industrial complex, compared 
with scattered distribution of undertakings or their 
simple grouping, is expressed in a saving of natural resources 
and labour, reduction of capital investment, lowering of 
current outlays, reduction of the volume of transport work, 
speeding up of the rate of turnover of circulating assets, 
saving of means on the building and functioning of the 
infrastructure. 

The territorial organisation of industry is especially 
important in areas that are being newly opened up and 
developed. A striking example of that is Siberia. Because 
of the specific character of its natural and economic condi- 
tions, development of Siberia’s productive forces is taking 
the path of selective exploitation of resources, of focal 
development of territory, and the forming of separate 
territorial industrial combinations differing in scale, signifi- 
cance, and structure, their agglomerations and whole systems. 
The most progressive and promising forms of the spatial 
organisation of industry in Siberian conditions have proved 
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to be industrial centres, and especially territorial industrial 
complexes. 

Experience of developing the productive forces of Siberia 
has confirmed the correctness of the direction chosen for 
the territorial organisation of industry. By concentrating 
investment in limited areas, it has been possible to build 
the biggest power centres in the USSR, and foci of power- 
intensive branches of the non-ferrous metal and chemical 
industries, and of lumbering and paper-making, with rela- 
tively moderate outlays and in a relatively short period of 
time. In that way the foundations have been laid for future 
large-scale territorial industrial complexes, and the premises 
created for converting Siberia into the power base of the 
Soviet Union and the main area for the production of many 
non-ferrous metals, and of products of the chemical, lumber- 
ing, and other industries. 

Large territorial industrial complexes as objects of long-term 
planning. The objects of Soviet long-term planning at the 
present time are the country as a whole, Union republics, 
administrative territories, regions, and autonomous nation- 
al units, cities, and the bottom-level administrative dis- 
tricts. Plans are compiled for them, and there are agencies 
responsible for implementing these plans. Many contempo- 
rary economic problems, however, especially long-term ones, 
do not fall within the confines of one administrative unit 
but embrace several adjoining regions, or part of the area 
of a region or territory. In that case the objective basis is laid 
for organising major economic regions (such as the Ob- 
Irtysh, Angara-Yenisei, or Central Siberian) and large 
territorial industrial complexes. In Siberian conditions big 
complexes seldom coincide territorially with today’s admin- 
istrative units, but are often part of a territory or region. 

In the current practice of long-term planning, economic 
regions are treated simply as the objects of plan analysis, 
but neither they nor, even more, complexes are the objects 
of long-term planning. Yet, both by the scale of the invest- 
ment programmes and the significance of the problems to be 
tackled Siberian complexes are equal in importance to many 
of the regions and autonomous republics for which long- 
term plans are compiled. Because complexes are not treated 
as independent objects of long-term territorial planning, 
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development of the individual elements of their economies 
is planned in isolation, which leads to lack of co-ordination 
of their formation and loss of their most important advan- 
tages as forms of the territorial organisation of industry, viz. 
balanced development. Consequently, (1) Large-scale complez- 
es need to be made the object of comprehensive pre-planning 
research, in which the principles of the general schemes 
should be drafted for every projected complex, and above all, 
for every complex being organised, a general plan of the 
development and allocation of the productive forces. (2) For 
priority complexes, i.e. for ones already being formed, not 
only should general schemes be drafted, but also long-period 
and five-year plans embracing all projects irrespective of 
their departmental subordination. (38) These plans should 
be components of the long-term plan of the corresponding 
administrative unit (territory, region), or included in the 
plans of Union republics or of the USSR itself as an inde- 
pendent construction project. That, as experience has shown, 
raises responsibility and eases control over plan fulfilment.* 

The first steps have been taken in this direction. The 
24th Congress of the CPSU introduced the concept of ter- 
ritorial industrial complexes as a form of organisation of 
the economy of areas within which important national 
economic tasks are being tackled. Some of the complexes 
singled out in the 1971-5 state economic development plan 
were the following: the Kuzbas, Bratsk-Ust Ilimsk, Irkutsk- 
Cheremkhovo, South Tajikistan, and Pavlodar-Ekibastuz 
complexes. 

The general plan of a complex as a basic pre-planning 
document. The main pre-planning forecasting document for 
a complex should be the general scheme for the develop- 
ment and allocation of its productive forces, in which 
variants of the process of organising its whole economy, 
and its separate elements, are considered in both time and 
space. The general plan is the basis on the one hand for 


* In Soviet practice of drafting long-term plans there have been 
cases when major industrial and territorial problems have been singled 
out as independent sections of the plans, Examples are the Ural-Kuz- 
netsk, inter-regional problem and the industrial combine at the Dnie- 
per Hydroelectric Power Station. 
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drafting long-term (general) and five-year plans, and on the 
other hand is an obligatory initial document for the long- 
term research of all the organisations whose interests are 
involved with the characteristics of a complex. Both these 
purposes of the general plan are exceptionally important 
because only in that way can the continuity of plans and 
unity of the initial positions be guaranteed in the pre- 
planning research of the many interested bodies. 

In the general plan for the development and allocation 
of the productive forces of the USSR drafted for the period 
up to 1980 the matters considered included problems of the 
development and location of the sectors of the economy and 
of the productive forces of Union republics and economic 
regions, and special plans for very large economic complexes. 

The plan was adopted as an official document; the resolu- 
tion of the Central Committee of the CPSU and of the USSR 
Council of Ministers of 28 May 1969 stated that from 1974 
onward decisions on the planning and building of enterprises 
and undertakings should be taken in conformity with this 
plan. 

The plan of a territorial industrial complex is drawn up 
on the basis of a comprehensive analysis of the initial con- 
ceptions for building this complex, and of forecasts of the 
trends in exploiting its resources, of its industrial structure, 
of the time and rates required for building the complex as 
a whole and the separate elements of its economy, of the 
specific engineering and planning conditions, systems of 
settlement, and forms of spatial organisation of its internal 
economy. The efficiency of future complexes, the building 
of which will call for heavy capital investment and several 
five-year periods of work largely depends on proper solution 
of the aggregate of these questions. 

The drafting of such important generalising documents 
as the general plan for organising the individual elements 
of the territorial system of the USSR calls not only for the 
solution of many theoretical and organisational matters 
but also for improving the methods and instruments of the 
analysis itself. One way of raising the standard of pre-plan- 
ning territorial research, in our view, is the gradual introduc- 
tion of mathematical economic modelling methods. Their 
great advantage is the opportunity they present. of simulta- 
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neously analysing a set of variants of very different situa- 
tions in the forming and functioning both of individual 
complexes and of systems of complexes. 


2. TERRITORIAL INDUSTRIAL COMPLEXES AS 
THE OBJECT OF MODELLING 


A territorial industrial complex as a specific form of spatial 
organisation of the productive forces. The basis of the theory 
of the territorial organisation of the productive forces of 
socialist society was laid in the works of the founders of 
Marxism-Leninism. The first practical embodiments of the 
idea of the concentration and combining of industry, com- 
prehensive development of resources and development of 
industry were the GOELRO Plan, the scheme of economic 
zoning of the USSR in the early 1920s, and the projects for 
the Ural-Kuznetsk Combine, the Dnieper Hydroelectric 
Power Station, the Great Volga and Angara-Yenisei schemes, 
and other plans. 

Deepening of the theory, and analysis of the practice, 
of the spatial organisation of industry led to a theory of 
territorial industrial combinations. The origin of this theory 
is associated with the names of G. M. Krzhizhanovsky and 
I. G. Alexandroy. N. N. Kolosovsky also played a leading 
role in shaping this theory. Just as N. N. Baransky gave the 
first description of the Soviet economy according to the 
State Planning Committee’s (Gosplan) economic regions, 
so Kolosovsky succinctly formulated the main initial prop- 
ositions about industrial territorial combinations (com- 
plexes) and attempted to embody them in the practice of 
economic zoning and comprehensive pre-planning territorial 
research, ‘reinforced the technological and economic aspects 
of Baransky’s school and introduced the spirit and style of 
constructive solutions and computations into it’.* Striking 
examples of this research were Kolosovsky’s work on the 
Ural-Kuznetsk Combine problem, transport construction, 


* Yu. G. Saushkin, Ekonomicheskaya geografiya: istoriya, teoriya, 
metody i praktika (Economic Geography: History, Theory, Methods, 
and Practice), Mysl Publishers, Moscow, 1973, pp. 116-47. 
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and, finally, matters of the territorial organisation of the 
productive forces of Eastern Siberia.* 

In subsequent years the ideas of industrial territorial 
combinations (complexes) have been developed further by 
pupils of Baransky and Kolosovsky (lecturers and graduates 
of the chairs of economic geography of the USSR of Moscow 
University), and by geographers and economists in Moscow, 
Kiev, Lvov, Sverdlovsk, Leningrad, and other cities. 

The process of the development of this teaching, the role 
of the works of the founders of Marxism-Leninism, Lenin 
above all, and of individual scholars and schools, and the 
theory and practice of organising territorial systems have 
been widely discussed in the Soviet literature. 

Our views on territorial industrial complexes, and our 
definition of their place in long-term territorial planning, 
are based on the ideas of I. G. Alexandrov, N. N. Baransky, 
A. E. Probst, Yu. G. Saushkin, I. M. Mayergoiz, and 
M. I. Pomus, and primarily on the propositions about 
industrial territorial combinations (complexes) expressed 
by N. N. Kolosovsky in his many works on economic zoning 
and territorial organisation of the productive forces.** 

By a large territorial industrial complex we mean, in this 
book, a planned, proportionately developing aggregate of 
stably interconnected units of the sectors of the economy (indus- 
try, agriculture, construction, transport, and the non-pro- 
ductive sphere), which have been built for joint solution of 
one or more major economic problems, and are concentrated 
in a relatively limited, compact (undivided) area, possessing 
resources of a composition and scale adequate for the com- 
plex to be involved in solving these major problems, and 
which ensure efficient use (from the angle of the Soviet econo- 
my) of local and outside resources, conservation of the environ- 
ment, and reproduction of natural resources, and served by 
a single infrastructure. 


* N. N. Kolosovsky, Problemy territorialnoi organizatsii proizvo- 
ditelnykh sil Vostochnoi Sibiri (Problems of the Territorial Organisa, 
tion of the Productive Forces of Eastern Siberia), Nauka Publishers- 
Novosibirsk, 1974, p. 176. 

** N.“N, Kolosovsky, Osnovy ekonomicheskogo raionirovaniya (Fun- 
damentals of Economic Zoning), Gospolitizdat, Moscow, 1958, p. 200; 
Teoriya ekonomicheskogo raionirovaniya (Theory of Economic Zoning), 
Mysl Publishers, Moscow, 1969, p. 336. 
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Complexes must thus be created in accordance with a 
previously developed single plan of formation. “One must 
not call the simple coexistence of enterprises a complex; 
it should rather be called a grouping,” Kolosovsky said.* 
It is not sufficient for the interconnection of facilities to be 
based simply on joint exploitation of local resources and 
use of the local labour force and infrastructure; a sine qua 
non of a complex is the existence of interconnected industries 
that form the basis of the complex and its specialisation. 

The basis of a complex can be not only manufacturing 
industry or industry in general but also agriculture. What 
is important is not what industries underlie it but how they 
are interconnected, how the whole economy of the area is 
organised, and what role the industries play in the division 
of labour. 

The time, rates, and directions of the development of 
a complex, and its rank, i.e. its position in the territorial 
industrial system of the whole country, depend above all 
on the significance of the economic problem that the area is 
involved in solving (generally because of its resources, less 
often because of its economico-geographical location). 

Not every area can be the basis for building a complex. 
It is necessary, in order to organise a complex of a cer- 
tain rank, on the one hand for the area to have the ap- 
propriate economic or natural potential, and on the other 
hand for there to be the possibility of controlling organisa- 
tion of the complex through agencies of the appropriate 
rank. 

The object and character of a complex are determined not 
by exploitation of all the area’s resources but only by exploita- 
tion of certain of them, and by the scale and direction of 
their exploitation, which must be efficient not only and not 
so much from the standpoint of the area itself as from the 
angle of the economy as a whole. 

It is important that the interconnected industries should 
actively promote economic development in the area, and 
jointly create and use the infrastructure. 

Only in such circumstances can the maximum economic 
and social effect be obtained from complexes as the most 


* N. N. Kolosovsky, Theory of Economic Zoning, p. 142. 
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progressive form of territorial organisation of the productive 
forces. 

The effect of a territorial industrial complex, unlike 
sectoral systems, is built up not only as the result “of the 
fullest and most correct exploitation of natural and secon- 
dary raw materials at all stages of their processing, of re- 
duction of transportation costs and of stockpiling and other 
losses in handling the raw material or product during the 
production process, of more synchronous working of under- 
takings, making it possible to use their circulating and 
fixed assets rationally, and so on”’,* but also through ration- 
al development of the infrastructure, exploitation of local 
resources (land and water) and use of labour force, and the 
organisation of management. 

Kolosovsky considered an industrial territorial combina- 
tion to be “social human labour organised in certain techni- 
cal forms”,** at the same time, however, he noted that by 
the term “industrial territorial combination” “must be 
meant a reciprocally conditioned (subordinated) aggregate of 
production facilities and settlement (inhabited places)”.*** 

Thus, an industrial territorial combination, while having 
industry as its basis, also includes settlements, and that 
means their infrastructure and, of course, their population. 
In our view, as will be seen from the definition given above, 
a territorial industrial complex, unlike power-industrial 
cycles, territorial sectoral sub-systems, multistage systems 
of production, or any other such systems of production, be 
it also territorial, but generally sectoral or intersectoral, 
is a form of organisation of the whole economy of a certain 
area, one of the elements of the territorial industrial struc- 
ture of the country. 

Thus, in our view, a complex is a territorial industrial 
system in which elements of three major systems interact, 


* E. E. Leizerovich, “On Projecting Territorial Industrial Com- 
plexes in Regional Planning”. In Raionnaya planirovkai problemy rasse- 
Sige Cee Planning and Problems of Settlement), Kiev, 1974, 
pp. 27-28. 

** N. N. Kolosovsky, “Industrial Territorial Combinations (Com- 
plexes) in Soviet Economic Geography”. In Geografiya khozyaistva 
SSSR 1917-1947 (The Geography of the Soviet Economy 1947-1947) 
Geografgiz, Moscow, 1947, p. 138. 

*** N,N. Kolosovsky, Theory of Economic Zoning, p. 142. 
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viz. economic, demographic, and natural, the functioning 
of each of which is governed by its own objective laws and 
is studied by the appropriate sciences. A complex is organised 
and functions through the interaction of its constituent 
elements in conditions of a definite area and interval of time. 
We are, therefore, interested not so much in a detailed study 
of its separate elements as in the regularities, mechanism, 
and result of their interaction subject to the concrete condi- 
tions. 

In accordance with the definition adopted in our work we 
consider the composition of a complex and the content of 
the problem of optimising its organisation to be the follow- 
ing: determination of the best variant (from the angle of the 
country’s economy) of the exploitation of all types of resources, 
of the periods, rates, scale, and proportions of develop- 
ment, structure, and spatial organisation of all elements 
of the complex’s economy and of its external and internal 
connections, subject to maximum economy of the input of 
social labour to meet the output targets of the specialisation 
industries and to provide the planned living conditions 
for the population. 

The choice of approach for solving this problem and 
developing the modelling apparatus is mainly affected by 
the following features of a territorial industrial complex 
as a system: 

(1) the complexity of its structure; 

(2) the integrated nature (interconditionality) of its organi- 
sation and functioning; 

(3) the open character of its functioning; 

(4) its dynamism; 

(5) its indeterminacy and stochastic character. 

The structure of a territorial industrial complex. The com- 
plexity of the structure of acomplex asa subject for modelling 
is expressed not only, and not so much, by the multiplicity 
of its constituent elements as by the variety of their inter- 
connections and (which is particularly important) by the 
difference in their role and the regularities underlying its 
organisation and functioning. All the elements of a complex 
as a subject of modelling can be united in three large groups, 
viz. industry, infrastructure, and local resources, each of 
which in turn can be subdivided into separate components 
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(see Diagram 1.1). Such a break-down is not universal but 
corresponds to the view of a complex taken here as a certain 
form of territorial organisation ef production (mandatory 
involvement in the territorial division of labour, inter- 
connected development of all the elements; and the existence 
of limits on the use of resources in short supply), and to the 
means adopted to represent the role and functional condi- 
tions of the separate elements of a complex in models. 

Special attention was paid, when forming the groups and 
their sub-divisions, to the analysis of two attributes— 
(a) the role and connections of each of the elements being 
investigated in the set-up of the complex, and (b) their 
mobility and interchangeability. 

Production. The basis of any complex is the sphere of 
material production, which comprises a group of specialisa- 
tion industries, a group of complementary industries, and 
certain elements of the infrastructure. The organisational 
basis of the production sphere in a complex has become 
broad development of the division of labour within it, i.e. 
the specialisation of individual undertakings and concentra- 
tion, combination, and co-operation of production. 

The specialisation industries of a complex determine its 
place in the territorial division of labour of the country 
and of the economic region where it is located. These indus- 
tries, and the period and rate of development, are determined 
by the make-up of the complex’s resources, the national 
demand for them, the geographical conditions of the area, 
and the inputs of producing the product and delivering 
it to consumers. The basis of the specialisation industries 
is formed by one or more full or curtailed production cycles. * 

As a rule, the kernel of the cycle is formed by the one or 
two leading lines of production that form the specialisation 
industries of the territorial industrial combination being 
investigated. The composition of the production cycle and 
its spatial organisation may alter, depending on the compo- 
sition, economic importance, and character of the allocation 
of resources, the local production conditions, and the specific 


* The determining role in the shaping of a production cycle, in 
contrast to a normal technological cycle, is played by the economic 
relations between the enterprises of various industries as well as by 
their technological linkages. 
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Diagram 1.1. The Main Elements of a Territorial 
Industrial Complex 
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character of the separate production processes (even with 
an identical leading sector). The production cycles of com- 
plexes, in turn, are components of the bigger power and 
production cycles that form the basis of the economies of 
economic regions. 

The specialisation industries of complexes are subdivided 
according to their economic importance and _ territorial 
characteristics into inter-regional and intraregional ones. 
Inter-regional industries usually include those whose output 
is intended mainly for shipment to other areas of the country, 
while the production of an intraregional industry is mainly 
consumed within its economic region. As a rule, the range 
of inter-regional specialisation industries is narrower than 
that of intraregional ones. 

The industrial structure of a complex, i.e. the combination 
of its specialisation and complementary industries, is organised 
in accordance with its specialisation and natural and 
economic conditions. Several complexes with a similar 
specialisation will differ in industrial structure as a conse- 
quence of differences in the aggregate of local resources 
and conditions. 

The economico-geographic position of a complex has 
a considerable effect on its structure (complexes of the 
northern latitudes, as a rule, have a narrower range of 
complementary industries than those located further south). 
The efficiency of a complex’s industrial structure is thus 
determined not by the range of industries but by the econom- 
ically justified combination of all the elements of both 
the production and the consumption spheres that ensures 
the most economic input of social labour to carry out the 
output programme of the specialisation industries and pro- 
vide the stipulated living conditions for the population. 

The second component of the production sphere of a 
complex consists of the complementary industries, which may 
be divided into two groups, auxiliary and service industries. 
The division is arbitrary, and it is sometimes difficult to 
draw a hard and fast line between them, but one must do so 
because the development of the separate groups of comple- 
mentary industries is governed by different regularities 
and must be reflected differently in the models. In the 
course of the development of a complex’s productive forces 
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some of its complementary industries may become speciali- 
sation industries. 

The auxiliary industries include those needed to provide 
the operating conditions of enterprises of the complex’s 
specialisation industries. The structure, period, and scale 
of development, connections and location of auxiliary in- 
dustries are determined by the needs of the specialisation 
industries, the size of the local resources, and the efficiency 
of building these industries within the complex compared 
with the cost of bringing similar products in from outside. 

The service industries include those intended to provide 
the local population with food, goods of cultural, domestic, 
and everyday use, and prime necessaries. The make-up, 
scale of development, and location of these industries are 
determined as a rule by the complex’s demand for their 
output, the specific nature of the raw materials, industry, 
or finished product, and by the indicators of the inputs of 
their production compared with the bringing in of transport- 
able goods from outside the complex. 

Thus, the range of matters dealt with for each of the 
elements in a complex’s industry is different, subject to 
the specific conditions of their operation and the correspond- 
ing limitations. For specialisation industries the location 
of new undertakings and the scale of development of existing 
ones, and their connections, are fixed, subject to obligatory 
meeting of their output targets, while the composition, 
location, volume of production, and connections of the 
complementary industries are established subject to observa- 
tion of the limitations for each source of local resources. 
The inputs for all production activities are clarified and 
made precise. 

Infrastructure. We agree with the writers who include 
in the infrastructure those branches that provide services for 
all the other elements of the economy of a territorial indus- 
trial complex and for its population, but do not directly 
produce output in a physical, material form (exceptions 
being public catering, bespoke tailoring and dressmaking, 
and certain forms of public services and amenities). The 
level of development of the infrastructure has a substantial 
effect on the efficiency of the operation of units in the sphere 
of material production, and on the provision of labour, and 
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largely characterises the maturity of a complex. The level 
of development and character of the location of the separate 
sectors and facilities of the infrastructure are also important 
in the organisation of a complex. 

The infrastructure forms part of a complex as a major 
consumer of many types of output of the units of the sphere 
of material production, and of resources, especially multi- 
purpose resources like capital investment, labour, water, 
land, etc., and not simply as a supplier of services. The 
existence of such close interconnections with the other 
elements of a complex dictates the need for a combined 
survey of the development problems both of the infrastruc- 
ture and of the other elements of the complex, while its specific 
features single out the infrastructure as an autonomous.object 
of study. 

The representation of the infrastructure in models is 
mainly affected by the following features of its separate 
sectors and facilities: (i) its function in the complex and 
the character of its links with the other elements of the 
economy and with the population; (ii) its role in the territo- 
rial division of labour; and (iii) the character of its location 
and distribution. 

We divide all the sectors of the infrastructure into three 
big groups: (a) production (railways, power transmission 
lines, pipelines, water mains and other municipal engineer- 
ing works, and supply bases and warehouses); (b) social 
(passenger transport, trade, public catering, child-care and 
other children’s institutions, general schools, housing, medi- 
cal and communal facilities, and other service establish- 
ments); and, finally, (c) institutional (party and administra- 
tive bodies and agencies, scientific institutions, art facilities, 
specialised higher schools). In contrast to the commonly 
adopted classification, we also include in the industrial 
infrastructure the part of the complementary industries 
whose output is consumed by all the elements of the complex’s 
economy and by the population (e.g. the building industry 
and heat and power stations).* 


* More recently many authors have rightly posed the need to take 
more account of the scientific and technical readiness of an area for 
development, which (it is suggested) should be considered as a special 
component of the infrastructure. 


OPTIMISING THE FORMATION OF COMPLEXES 29 


This grouping reflects the functions of the different sectors 
of the infrastructure, the character of the services provided 
by them, and their links with the other elements of the 
complex. Thus, the make-up, scale of development, and 
location of the production infrastructure are determined in 
the main by the demand of the units of the material produc- 
tion sphere, while those of the establishments of the social 
and institutional infrastructure are determined by the size 
and distribution of the population, and in part by the 
complex’s place in the system of administrative territorial 
units. In addition, there is feedback, i.e. the effect of the 
level of development reached, of the existing location and 
the building conditions of new units of the infrastructure 
on the organisation of the spatial and industrial structure 
of the sphere of material production and of the system of 
settlement. 

A distinguishing feature of the infrastructure is the non- 
transportability of its output, i.e. its orientation on supply- 
ing the market of strictly limited territorial units. This is 
particularly so for the sectors of the social infrastructure. 
But as a rule, there are elements of the infrastructure on the 
territory of any complex whose significance goes beyond the 
confines of one complex, e.g. sections of the trunk transport 
lines (railways, power transmission lines), higher educational 
establishments, certain administrative institutions, and so 
on. Their formation, unlike that of the other facilities of 
the infrastructure, is affected by conditions external to the 
complex. The level of development, shape, structure, and 
volume of the traffic of main-line (trunk) transport are 
determined not so much by the needs of the complex con- 
cerned as by national economic needs due to the territorial 
division of labour within the country, taking international 
exchange into account. The existence of infrastructure 
facilities of intercomplex and inter-regional significance 
within the limits of a certain complex makes it necessary 
to take account of the possibility of a significant increase in 
demand for the complex’s resources as well as of exploiting 
certain reserves of these facilities (the carrying capacity of 
trunk lines, and so on). 

A point character of location is typical of almost all the 
facilities of the infrastructure; they are built in places of 
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concentrated demand within individual inhabited points. 
The volume and composition of the requisite services are 
determined by that, and also the demand for local resources 
and sources of supply to cover it. Railways, transmission 
lines, and other facilities of the infrastructure with a built- 
in linear character call for different treatment. The various 
combinations of the features just enumerated, and the 
force with which they are manifested in the different groups 
of the sectors of the infrastructure call for a differentiated 
approach and specific means of reflecting the conditions 
of their organisation in the composition of a complex. 
In this book only the most typical features of groups have 
been taken into account when dealing with practical prob- 
lems, and sometimes of separate sectors of the infrastructure. 

The demand for services of all sectors is determined by 
the solutions obtained while the distribution of services 
and the scale of development, location and connections of 
the facilities are made precise by the indicators of inputs. 
For the individual facilities of the infrastructure whose 
significance extends beyond the complex under study, a tar- 
get for meeting the demand of territorial units of higher 
rank is introduced. The infrastructure of a complex is thus 
organised in accordance with the general level of develop- 
ment of its productive forces, while the location of its 
facilities is determined by the specific conditions of their 
operation and the demand of all the other elements of the 
complex’s economy and of the population for them. 

Population is the most important constituent of the 
productive forces. When a complex is being modelled the 
population is considered on the one hand as the producer 
of material wealth, and on the other hand asa major consum- 
er of resources, of the output of the sectors of material 
production and of the services of the infrastructure. In that 
connection the complex’s needs as regards the numbers and 
composition of the labour force, manpower reserves, and 
the conditions and ways of providing labour for all the 
elements of its economy are clarified first. 

The outlays entailed in attracting and retaining labour 
are determined, taking into account the stipulated living 
conditions and the anticipated migration processes in the 
different parts of the complex (special attention being paid 
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to analysis of the sectoral composition of the production 
units, scale of settlements, working conditions, and mainte- 
nance of the people’s health from the angle of their effect 
on migration processes and build-up of population). The 
influence of the existing system of settlement on the location 
of new production facilities and of other elements of the 
economy are elucidated, and conversely the effect of the 
location of new production facilities on the shaping of the 
future system of settlement. 

The numbers, composition, and territorial distribution 
of the able-bodied population not employed in social pro- 
duction are taken into account. From the results obtained 
the demand for labour is clarified, and its distribution among 
the sectors of the economy exercised, the basis of a scheme 
of settlement and peopling of the main inhabited points 
is outlined, and outlays on recruiting and settling labour 
are ascertained. 

Local natural resources in the main condition the specific 
character of the process of the forming and production 
and spatial structure of each complex. But they only char- 
acterise the potential of the given area and the prerequisites 
for building a complex. The time taken to build each com- 
plex, the rate of building, and the scale of development and 
specialisation of the complex are determined by the nation- 
al demand for its resources, to what extent its resources 
are in short supply, and the efficiency of exploiting them, 
allowing for both the economic, geographical, social, and 
strategic factors. The composition, scale, and readiness 
of the resources for exploitation thus, as a rule, determine 
the production structure of the complex, while their terri- 
torial concentration its spatial structure. 

Each type of resource is analysed from the aspect of its 
possible involvement in the forming of the elements of 
the complex’s economy. To this end the inputs connected 
(a) with definite modes of developing individual sources of 
supply, and of making natural resources ready for use, 
and (b) with their conservation and reproduction, are eluci- 
dated during investigation of the ways of exploiting them. 

The natural resources group is divided into the following 
sub-groups: minerals, fuel and power, water, vegetation, 
and land. That division makes it possible to represent their 
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links with consumers (industry, agriculture, the infrastruc- 
ture, and the population), their transportability, renewabili- 
ty, and other specific conditions of their exploitation, and 
problems of the conservation and reproduction of individual 
types of resource, and sometimes also of their sources. The 
sources of resources are selected by natural resource, and 
the scale and variant for working them and the scheme 
of links with consumers determined, and inputs estimated 
from the results of the solution. 

Climatic, agroclimatic, and recreation resources, the state 
of the atmosphere, and certain other natural conditions 
are distinguished as an autonomous group, and are represent- 
ed in the forming of the initial information and data, in the 
definition of limitations, input coefficients, yield indices, 
and outlays on attracting and retaining population. 

Matters of the protection and reproduction of resources 
have a special place among the problems of a complex. Their 
sources are treated not only as suppliers of raw materials, 
fuel, and production and living conditions, but also as major 
consumers of material resources, above all of capital invest- 
ments. Many of the conditions (limitations) of the problems 
are formulated with allowance for the requirements of 
nature protection. As a result, variants are obtained for 
the carrying out of certain measures for the conservation or 
restoration of resources. In that connection one of the most 
pressing problems of science is to develop a theory and 
method for quantitative evaluation of all types of resource. 

The economico-geographic position of a complex, which 
has a substantial effect on the organisation of its economy 
in both time and space, can be arbitrarily included among 
its resources. But many difficulties arise when one tries 
to take its effect into account when modelling a complex. 
The theoretical problems of economico-geographic position 
have been deeply studied by Baransky and developed in the 
works of Mayergoiz, Pokshishevsky, Konstantinov, Saushkin, 
and other Soviet geographers, the first, interesting studies 
on quantifying it have been published. 

The difficulty of introducing this factor into the model 
of a complex is that its assessment cannot be quantified 
in advance (except by using very crude coefficients) and 
remain unaltered irrespective of how, when, and with what 
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facilities will not only{the given area itself but also adjoin- 
ing parts of the region be developed. 

In that connection a quantitative assessment of the role 
and significance of the economico-geographic position can 
be obtained in the course of the solution of the problems, 
and for certain concrete conditions. It will be the more exact 
the more accurately the main characteristics describing 
the specific features of the area concerned are represented, 
and the fuller their effect on the organisation and function- 
ing not only of the complex’s economy in general but also 
of each of its elements (and sometimes of their components), 
and of the population, are taken into account. The indicator 
of the assessment of economico-geographic position, in our 
view, is not initial information for the problem of forming 
a complex, but one of the results of solving them. The assess- 
ment is obtained in accordance with the solution obtained, 
and its value is correct only for a definite variant of the 
development of the area, and for a definite time period. 

In this work we were only able to reflect the effect of the 
economico-geographic position on the organisation of the 
industrial and spatial structure of a complex through a 
system of indices reflecting the infrastructure facilities of 
the area, its industrial-transport links, and the conditions 
for attracting and retaining population. The result of the 
solution obtained showed the possibility of quantifying 
the specific nature of the area’s economico-geographic posi- 
tion, of bringing out the role of the separate factors considered 
in the forming of this assessment, and of determining 
the effect of the position on the structure of the economy 
obtained as a whole, and on the location of its separate ele- 
ments. 

The multicomponent make-up of a complex, the great 
diversity of the conditions for the organisation and function- 
ing of each component, and the difference in the content of 
the problems that have to be decided for the separate ele- 
ments, make it necessary to divide the general problems 
of optimising the organisation of a complex into parts (or 
stages), and to develop groups of models. 

The integrated character (mutual conditionality) of the 
organisation and functioning of the elements of an economy. 
This is an important feature of a territorial industrial 
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complex. The complementary industries and the infrastruc- 
ture have an exceptional role among all the elements of an 
economy. The dependences within a complex are manifold, 
and its maturity is characterised by the level of development 
of these connections, which are realised along the lines of 
the production process, the supply of materials and equip- 
ment, and joint use of resources and of the facilities of the 
infrastructure. 

Connections arise within any complex between the facili- 
ties of the specialisation industries and the group of comple- 
mentary enterprises, between industry and the infrastruc- 
ture, between and within the facilities of the separate types 
of infrastructure, and between local resources and manpower 
and all the elements of the economy (see Diagram 1.2). 


Diagram 1.2. The Interconnections Within a Territorial Industriral 
Complex That Determine Its Organisation (Scale of 
Development; Intensity of Functioning or Exploitation) 
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The composition and scale of development of the speciali- 
sation industries are determined by the delivery targets for 
output, and in turn have a decisive effect on the composi- 
tion, rate and scale of development of auxiliary enterprises 
and the units of the production infrastructure, and largely 
determine their location. The development of the production 
infrastructure in turn calls for supplementary development 
of the auxiliary industries. The specialisation and auxiliary 
industries and the production infrastructure need labour and 
predetermine the basic system of settlement. The population 
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is formed in accordance with the demand for labour (allow- 
ing for the specific features of the composition of the indus- 
tries and the conditions of the area). The size and location 
of the population determine the composition, scale of devel- 
opment, and location of the service industries and of the 
social and institutional infrastructure. The service industries, 
and the social and institutional infrastructure, evoke an 
additional demand for the services of the production infra- 
structure and for the output of the auvyiliary industries. 
After the general scale of development of the infrastructure 
has been discovered, allowing for the targets for facilities 
of intercomplex significance and complementary industries, 
the total demand for labour and local resources is found. 

The connections enumerated determine the inner mechan- 
ism of the formation of a complex as a whole and are taken 
into account in the model by representing the conditions 
of the organisation and functioning of each of its elements. 
Thus, when the conditions of the formation of auxiliary 
industries are being represented, their links with the speciali- 
sation industries and with the other facilities of the auxiliary 
industries, service industries, and production infrastructure 
are allowed for. When planning the population and determin- 
ing the scale of the exploitation of local resources, their 
links with the specialisation and complementary industries 
and with the infrastructure as a whole are taken into account. 

The dependences within a complex are very important 
for understanding the process of its organisation, but are 
also very difficult to represent in the model, which is due 
not only to their density but also to the great variety of 
their content, forms of manifestation, and means of realisa- 
tion. It is simpler to represent the connections due to ex- 
change of products, more complicated to represent joint 
demand for services of the infrastructure, and very difficult 
to represent the joint exploitation of multipurpose resources. 
It is particularly complicated to represent the indirect 
connections (through intermediate links), and the regulari- 
ties giving rise to new or recurring connections (e.g. the 
composition and scale of development of the facilities of the 
social infrastructure depend on the size of the population, 
but in turn call for labour, with the result that the popula- 
tion increases in size, andso on). The need to take the intra- 
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complex links into account is the reason for the marked 
increase in the scope of the problems and the complication 
of the models’ structure. In the solution obtained the follow- 
ing are discovered for these links: their composition, scope, 
direction, and means of realisation (excluding intraproduc- 
tion links); and the separate indicators are made more pre- 
cise. 

Intracomplex connections largely determine the efficiency 
of one variant or other of a complex’s formation. But repre- 
sentation of the effect of integration in the models, i.e. 
of the effect of joint location and intracomplex connections, 
is still the most difficult and least developed problem of 
the modelling of a complex. An effect of territorial con- 
centration arises in connection with the total reduction 
of the expenditure of resources and inputs for the building 
of both enlarged production facilities and enlarged infra- 
structure facilities. Non-linearity of the changes in inputs 
in relation to the volume of production or exploitation 
of resources is characteristic of the indicators of the effect 
of territorial concentration. 

The open character of the functioning of a territorial indust- 
rial complex. The existence of internal and external stable 
technological, production, economic, demographic, infor- 
mation, and organisational connections is a sine qua non 
of the normal functioning of a territorial industrial complex 
as a complex multifunctional formation and component 
of the country’s economy. The basis of the rise of connections 
is the difference between the prerequisites and conditions 
of development of the productive forces of individual areas, 
the territorial division of labour, and improvement of the 
forms of organising production and developing an area. 

As a complex’s productive forces develop the composition, 
trend, and effect of connections on its formative process 
alter. It may happen that, given target-oriented planned 
development of a complex, there will be a redistribution of 
the centripetal and centrifugal operative forces of its forma- 
tion process, a strengthening of its inner connections, and 
the forming of a complex aggregate of closely interconnected 
elements. 

Centrifugal forces, namely. the state’s external influence 
or demand for certain types of output, give rise to new facili- 
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ties in the specialisation industries, which are included into 
the all-Union production system, so that the complex 
proves more and more to be linked with the general system 
of territorial division of labour. Connections are gradually 
extended in scope and space, which largely determines 
the rates, trends, and scale of development of the complex’s 
productive forces. 

Parallel with intensification of external connections the 
specialisation industries’ demand for local resources grows, 
which gives rise to an increase in population and develop- 
ment of complementary industries and of the infrastructure. 
If this happens according to a plan previously worked out 
from the standpoint of the national economy, it will lead 
to a strengthening of internal connections between the 
elements of the complex, with a clearly expressed centripetal 
trend in their operation. A complex’s connections are thus 
a reflection of its two most important features: namely, 
involvement in the territorial division of labour, and unity 
of all its elements. 

The external connections of a complex determine its 
place in the country’s economy, and its specialisation in 
the inter-regional and intraregional division of labour. As 
arule, they are bilateral: namely, from the national economy 
to the complex (direct), and from the complex to the econo- 
my (feedback). The direct connections reflect the country’s 
demand for the complex’s resources or end products (the 
production target for the specialisation industries) and the 
composition and quantity of resources (products) that the 
national economy can provide the given complex. The 
feedback connections contain information on the complex’s 
resources and possibilities, on the inputs by which it can 
fulfil the given programme, and the list of resources (products) 
of other complexes (regions) of the country that it needs for 
that purpose. 

Complicated external connections arise between complexes 
within a single economic region. They are manifested not 
only in reciprocal exchanges of output, joint exploitation 
of natural resources and communications, but also in the 
existence of competition between them as elements of a 
single economic organism. Since several complexes of a 
region may be involved in deciding certain matters facing 
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the region, competition can develop among them over the 
location of similar industries, the allocation of production 
programmes or of resources in short supply, and of output 
(similar or interchangeable). 

There are also other fields of interconnections between the 
territorial industrial complexes of a region. There is, for 
example, a definite, objectively dictated sequence in the 
organising of individual complexes, in which the more mature 
ones act as supports for newer ones. Performance of this 
support role necessitates the development of certain indus- 
tries (building, generation of electricity, food, repair facili- 
ties, and so on), taking the needs of the new complexes 
into account. Or there may be another relationship. Exhaus- 
tion of the resources of an already developed complex, or 
a shortage of them, may necessitate the building of separate 
lines of production in the new complexes. 

The existence of connections between each complex and 
the others in its own or neighbouring economic regions 
excludes any possibility of optimising it outside the economy 
of the country, and in particular, outside its own economic 
region. This conditioned the development of the first stage 
of our proposed approach to optimising the organisation of 
a territorial industrial complex: namely, investigation of 
the whole system of complexes of a given region. 

In order to bring out the role of external connections in 
shaping the industrial and spatial structure of a complex, 
in contrast to its intracomplex connections, only production- 
transport connections are taken into account, i.e. links 
dictated in the main by the production process and realised 
by one of the forms of freight transport or by transmission 
lines. The content, mass scale, and stability of the flows, 
and the means of effecting them, are allowed for in the 
choice. Attention is paid to the stable numerous physical 
connections effected by railways, water transport, pipelines, 
and transmission lines, i.e. those connections whose volume, 
direction, and structure affect the location of facilities, 
the development of the infrastructure, and the expenditure 
of resources. 

External connections, unlike internal ones, are fixed in 
advance, gasfa rule. Atjthe level of a complex, therefore, 
their role comes out in the organising of the complex, and 
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the separate indicators and means of realising them are 
elaborated within the limits of the complex. 

The dynamic character of the functioning of a complex. 
The start on a territorial industrial complex is preceded by 
major research and development work. The process of build- 
ing the complex usually takes several decades, within which 
we can distinguish periods of preparation of the infrastructure, 
and of intensive building of the main facilities, and 
finally a period of operation and functioning. All the periods 
are interconnected and the transition from one to the other 
may take a long time. In addition, the period from building 
the infrastructure to intensive construction does not exclude 
the functioning of some of the facilities already built; 
and as a rule, the building of some industries may be complet- 
ed, others may be reconstructed, and a start made on build- 
ing new ones in the period of functioning of the whole set. 
The process of formation of a complex and perfecting its 
structure as a territorial industrial system is thus, in practice, 
continuous. 

In spite of all the arbitrariness of this periodisation, we 
need it for modelling the formation process because, without 
it, it is impossible to reflect the different problems facing 
the system in the different stages of its development. 

The dynamic aspect of analysis of the formation of a 
complex assumes that the following is ensured: 

(1) proportional organisation not only of the production 
and spatial structure of the complex as a whole but also 
of its separate interconnected elements, allowing for their 
location; 

(2) an allocation of resources efficient from the standpoint 
of the complex as a whole and for the whole calculated period; 

(3) utilisation of the capacities built and reallocation of 
resources in time and space; 

(4) taking account of the possible stage-by-stage character 
of the organising of the complex in time and space; 

(5) adaptation of the complex to the situations that can 
arise through adopting solutions for the development of 
areas gravitating towards the complex as well as for the 
complex itself; 

(6) the possibility of expanding facilities, and the exclu- 
sion of cases in which the location of some facilities proves 
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a reason for limiting the capacities of others or necessitates 
transfer of capacities already built. 

The main difficulty in modelling the process of the forming 
of a complex as a dynamic system comes from the fact that, 
in addition to the general problems of allowing for the 
dynamics of the economic problems (effect of the post- 
planning period*, lag, the preparation of information, etc.), 
specific difficulties also arise. Above all the complex’s sepa- 
rate elements and their components differ in the way their 
development proceeds as well as in degree or level of dynam- 
ism. The same factors, which determine the dynamic 
character of the system (technical progress, the stage cha- 
racter of the solution of the economic problems), affect 
the process of the building and functioning of the complex’s 
separate elements and their parts differently. 

In working out ways of reflecting the dynamics in the 
modelling of a complex, we have taken the following into 
account: 

(1) the character of the problems: namely, determination 
of the siting variant, effective from the angle of the whole 
planning period and allowing for the time taken to build 
the various facilities (determination of spatial structure and 
settlement); determination of the variant for building separate 
facilities by stages of the planned period, taking the end 
effect into account (i.e. organisation of the building industry, 
transport system, etc.); 

(2) the character of the development process, i.e. whether 
smooth and even (growth of settlements, exploitation of 
local mineral and vegetation resources), or intermittent 
and irregular (reconstruction of railways, exploitation of 
water resources); 

(3) the character of the change in indicators of specific 
(unit) inputs during the building of the complex, i.e. whe- 
ther increasing (exploitation of local resources, environmen- 


* This point is of great significance for modelling the organisation 
of a complex;because it is necessary to find a way of determining and 
reflecting in the models the effect that will be brought about in the 
future not only in the complex itself but also in the areas gravitating 
towards it. It is particularly difficult to estimate the investments in 
the infrastructure and on protection of the environment since some 
forms of the return from them will reduce outlays on developing the 
productive forces of other complexes even beyond the planning period, 
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tal protection) or decreasing (building of elements of the 
infrastructure); 

(4) the character of the adoption of decisions allowing for 
the uncertainty of the conditions, i.e. whether final for the 
whole period (e.g. location of facilities, choice of resources, 
etc.) or for the stages of the building of the complex (e.g. 
the load and connections of the building industry, the 
building of facilities of the infrastructure). 

Two main types of problems connected with allowing 
for the dynamic properties of a complex as a territorial 
industrial system can be distinguished. By means of the 
first type we determine what to locate and where, and by 
means of the other type when to build the complez’s facilities 
and how. In the first case the strategy of developing the 
area is worked out, mainly taking the factors of location 
into account; the decisions of principle on these matters 
(the location of the facilities) must be taken immediately 
for the whole period, especially those for the objects of the 
first stage. In the second case the strategy of implementing 
the programme in time is determined, taking into account, 
in the main, factors of organisation and production tech- 
niques. These matters are more dynamic, and their solutions 
can be decided by stages and periodically corrected. The 
production and spatial structure of the complex is determined 
by resolving the first type of problem, i.e. matters that 
require taking the final effect into account, and also the 
effect from the angle of the whole planned period being 
assessed, while solution of the second type of problem fixes 
the time, rates, and means for building the separate pro- 
duction units and exploiting resources, i.e. answers questions 
that must be resolved not only at the end of the whole period 
but also at its various separate stages. 

Production is not only the basis of a complex but also 
the most dynamic part of it. Spatial structure is less mobile 
and is largely built up through the effect of the sectoral 
structure and shaped, as a rule, after completion of the 
work on building the main production facilities. 

Some of the dynamic features of a complex can also be 
taken into account when static models are employed, by 
correcting the constraints, input indices and making a series 
of calculations. But the possibilities of static models are 
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limited, and dynamic ones are also needed so as to solve 
the whole set of problems of the organisation of a complex. 
The specific feature of our problems is that it is necessary 
in many cases to analyse processes simultaneously that may 
alter in both time and space. A dynamic spatial model, 
however, is not needed in all cases. A substantial part of 
the problems can be solved by means of static models, 
dynamic point and grid models. In that case dynamic spa- 
tial models are used, in our view, to reinforce analysis of 
the formation process of the complex as a whole. 

The dynamism of complexes is also expressed in the fact 
that their production and spatial structure alter and that, 
as we said above, both their area and the contours of their 
boundaries may be altered. The alterations are brought 
about by both endogenous and exogenous factors, i.e. by 
development of the productive forces of the complex itself 
and by the formation of other complexes in the given region 
and in the country. 

As a result of this interaction there is a bilateral effect: 
namely, of the individual complex on the system of territo- 
rial industrial complexes, and of the system on the indivi- 
dual complex. In that connection yet another supplementary 
requirement is posed for dynamic models, that of taking 
the dynamics of the external links into account. They must 
reflect the conditions of the process of adapting the complex’s 
economy to changes in the system of complexes, and those 
of the system’s adaptation to the changes that may occur 
in separate complexes—all of which once more emphasises 
the need to analyse a complex as an open territorial indus- 
trial system as well as a dynamic one. 

Uncertainty and stochastic character. A territorial indus- 
trial complex, like any integrated economic system, has 
inherent features of uncertainty and probability. This is 
explained by the difference in the nature of the factors 
determining the specific character of the organising of each 
complex, the complexity of its economic structure, the 
difference of the ways of formation of individual units, the 
open character of its functioning, and the duration of the 
development process. These features are intensified when 
modelling complexes in connection with the defects of the 
mathematical apparatus developed and the inadequacy of 
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the initial information. Scientific and technical progress, 
and the periodic development of new economic problems, 
also greatly alter the conditions of the formation of indivi- 
dual complexes. 

The advances of science and technical progress make it 
possible to draw new types and sources of various resources 
into economic circulation and to improve the efficiency of 
their exploitation. As a result, the potentialities of indivi- 
dual complexes undergo reassessment and their place in the 
territorial division of labour is reviewed, and that leads 
to a change in the set of the facilities, production structure, 
external and internal connections, and the time, rates, and 
plans for the formation of individual complexes. 

As a consequence of the objective character of territorial 
industrial complexes as specific forms of the organisation 
of the productive forces, the process of forming them has 
acquired “a dialectical, dualistic character, i.e. determinacy 
of the main, relatively long-term trends of development 
through the effect of objective trends, and deviations from 
this development through the combined effect of a large 
number of casually indeterminate relationships’.* Those 
conditions for the organisation of a complex are the more 
definite which are due to operation of the objective laws of 
development of nature, the productive forces, and the 
relations of production. But because our knowledge of the 
manifestations of these objective laws in concrete conditions 
is deficient, we can reflect the effect of some factors quite 
accurately in models, of others less accurately, and of still 
others only conditionally or arbitrarily. There are also 
factors (e.g. certain complicated geographical phenomena) 
that can be taken into account only very roughly, as many 
geographers have rightly remarked. All that is reflected in 
the varying reliability of the data used to formulate and 
solve practical problems. The better the area and production 
of future complexes have been studied, the greater is the 
certainty of the initial information. 


* L. A. Melentiev, “Initial Premises of the Problem of the Indeter- 
minacy of Optimum Solutions in Large Power Systems”. In Faktor neo- 
predelennosti pri prinyatii optimalnykh reshenit v_ bolshikh sistemakh 
energetiki (The Uncertainty Factor in Adopting the Optimum Decisions 
in the Major Energy Systems), Vol. 1, Irkutsk, 1974, p. 43. 
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The existence of a different degree of certainty of the 
conditions for developing a complex, and the use of determined, 
stochastic, and incomplete initial data, do not permit 
us to get unambiguously definite answers about the function- 
ing and development of big systems, give rise to zones of 
uncertainty of the optimal solution, and call for rethinking 
of the results obtained and of the essence of their mathema- 
tical economic analysis. It is important for forecasting 
pre-planning research not so much to analyse the optimum 
plan (which holds only for definite conditions) as to analyse 
the system’s behaviour given changes of conditions and 
adaptation of the complex to different situations. 

The stochastic, uncertain character of a territorial indus- 
trial complex is thus one of its very important characteris- 
tic features as an object of modelling, one that has to be 
taken into account at all stages of the investigation, i.e. 
when formulating the problems and preparing the informa- 
tion, and especially when analysing the results obtained. 


3. THE APPROACH TO MODELLING TERRITORIAL 
INDUSTRIAL COMPLEXES 


One of the three main parts of the system of mathematical 
economic models of long-term territorial industrial planning 
proposed by our Institute is the sub-system of regional 
models intended for detailed study of the paths of most 
effective development and allocation of the productive forces 
of regions (economic regions and their segments). These 
models are needed so as to analyse the regional features of 
the development of separate territorial units, ways of im- 
proving the efficiency of the exploitation of resources, and 
the economic connections and spatial organisation of the 
economy. 

We suggest that the regional problems should be tackled 
after the national economic and Union sectoral ones, when 
the region’s place in the solution of major national problems 
and the following points are known: its specialisation in 
the all-Union territorial division of labour) pattern of the 
specialisation industries, delivery targets for their output, 
and the distribution of shipments by destinations); the 
composition and assignments for the development of infra- 
structure elements of inter-regional importance; the resources 
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of inter-regional importance that are in short supply; assign- 
ments for the region’s involvement in measures of an inter- 
regional scale to protect and conserve the natural environ- 
ment and to provide a certain standard of living for the 
population; inputs to produce the output of the specialisa- 
tion industries by which the region’s place in the territorial 
division of labour is determined. In addition, we also then 
know the possible variants and techno-economic indices 
for the development and location of the facilities of the 
specialisation industries, agricultural production, and ele- 
ments of the infrastructure, the conditions for developing 
the area and exploiting local natural resources, and the 
outlays on attracting and settling population. 

The pre-planning research into possible lines of develop- 
ment of an economic region’s productive forces and economic 
structure, employing econometric models, must be broken 
down into two successive stages: namely, (a) initial analysis 
of the productive structure of its economy and sub-divisions, 
and (b) analysis of its spatial structure (see Diagram 1.3). 


Diagram 1.3. Optimisation of the Production and Spatial Structure 
of an Economic Region’s Economy 
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The task of the first stage is to bring out the main intra- 
regional programmes (problems), define the composition and 
production structure of the economy, optimise the propor- 
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tions of the development of its components, the allocation 
and exploitation of multipurpose resources and the develop- 
ment of the production and social infrastructure. The results 
obtained bring out data that will be taken to clarify the 
specialisation of economic regions by means of an inter- 
regional intersectoral optimisation model. 

Since the basis of the spatial structure of a region is formed 
by the aggregate of territorial industrial combinations, 
defining it means to determine the spatial structure of the 
whole system of intraregional complexes. But it is impossible 
to do that without resolving matters of principle of their 
creation and functioning, i.e. without optimising the organi- 
sation of each of them. For that purpose the problem of 
optimising the formation of the combinations is treated as 
a component of the pre-planning research, while the combi- 
nations themselves are taken as elements of the country’s 
territorial system. 

The task of the second stage is thus primarily one of 
delineating the main intraregional territorial industrial 
combinations, determining their place in the inter-regional 
and intraregional division of labour, optimising the direction 
and scale of the exploitation of resources and of the structure 
and location, connections and spatial organisation of all 
the elements of the economy. At this stage many of the 
indices that have been used in solving the problems of the 
first stage are also made more precise. In that connection, 
optimisation of the structure of the region’s economy as 
a whole can be considered completed only after the results 
of both stages have been mutually tied up and co-ordinated 
with the data obtained from solving higher problems using 
an inter-regional intersectoral optimisation model. A group 
of models for optimising the organisation of territorial 
industrial complexes is proposed as the instrument for 
investigating the second stage (see Diagram 1.5). 

In Soviet planning practice the national economy is 
looked at from three aspects: namely, global, sectoral, and 
territorial, i.e. the whole economy (system) and its parts 
(sub-systems of its sectoral and territorial elements) are 
studied. Each of the sub-systems distinguished consists in 
turn of individual links. 

The territorial structure of the national economy can be 
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represented in the form of mutually interconnected terri- 
torial industrial combinations of various rank. The division 
is based on analysis of a combination of two attributes: 
namely, production and territory. Thus, territorial industrial 
combinations are distinguished as autonomous units for 
which it is possible, when drafting the pre-planning docu- 
ments of a particular level (depending on the rank of the 
combination) and the corresponding system of management, 
to obtain the maximum effect through integrated develop- 
ment and rational location and organisation of the economy. 
The rank of each of the combinations distinguished is deter- 
mined by its place in the solution of the national problems 
and in territorial industrial planning, by the level of deve- 
lopment of the productive forces and structure of production, 
and by the composition and intensity of its external and 
internal economic ties. The specific features of the correspond- 
ing forms of territorial organisation of production and units 
of economic zoning and national economic planning are 
inherent in the combinations of each rank. 

One of the ranks of territorial industrial combinations 
is the economic region. Its spatial structure, in turn, is 
formed by an aggregate of combinations of two ranks: name- 
ly, large territorial industrial complexes and industrial 
centres. The complexes determine the face of the region: 
To delineate a complex and determine its structure means 
to determine the optimum variant of the scheme for the 
territorial structure of the economic region’s economy as 
a whole. Several complexes form the basis (skeleton) of 
a region, and each complex in turn unites the territorial 
industrial combinations of industrial centres. The main 
features of a complex as a specific form of the territorial 
organisation of; production, i.e. as an organic unity of 
industry, area and its resources, and infrastructure, show 
up more clearly in territorial industrial combinations of 
a given rank than in economic regions. Territorial industrial 
complexes are large territorial formations with big poten- 
tialities as regards the building of integrated multisectoral 
production combinations, for which the existence of many 
connections, both intrasectoral and intersectoral, is char- 
acteristic, and also of connections due to utilisation of the 
infrastructure of intercomplex significance. 
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industrial centres coincide territorially with the boundaries 
of big towns, or embrace a system of interconnected 
inhabited points. The basis of the organisation of both 
individual centres and agglomerations of centres is the 
exploitation of certain types of local resources. The compo- 
sition of the resources and the character of their exploita. 
tion, and the economico-geographic location of centres 
determine their place in the territorial division of labour. 
The specialisation and structure of the economies of individ- 
ual centres and agglomerations are much narrower and 
simpler than those of a complex. With centres, unlike 
complexes, it is the intrasectoral connections that predomi- 
nate as a rule, rather than the intersectoral ones; a commu- 
nity of area and connections plays a greater role as regards 
joint exploitation of local resources and elements of the 
social infrastructure. 

A definite level of development of the productive forces 
is needed in order to form a territorial industrial combina- 
tion of the rank of a complex. In Siberia, as in other regions 
of the USSR with large undeveloped reserves of territory, 
the boundaries of neighbouring complexes (unlike those 
of territorial administrative units) may not abut onto one 
another. There are reserves of land between them that still 
do not fall within any one of them. The complexes include 
only that part of the territory on which elements of the 
given complex are being organised. Only after the resources 
remaining outside a complex have been determined and 
the line for their exploitation and possible production 
relations have been determined can it be decided whether 
or not to include them in one of the adjoining complexes, 
which may lead not only to an increase in the complex’s 
area but also to an extension of its specialisation. The scope 
of effective enlargement of a complex, however, is limited, 
and differs in individual parts of the country. An opposite 
process is also possible: namely, that of forming new complexes 
by breaking down existing ones. In general, the problem 
of the optimum size of complexes has not yet been studied, 
and calls for detailed investigation. 

The area and boundaries of a complex are thus largely 
determined by the level of economic development of a re- 
gion’s territory, the composition and character of the loca- 
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tion of local resources, and the specific character of the 
specialisation industries, all of which depends on the extent 
of its production and general economic connections, and the 
degree to which the periphery is attracted to the nucleus 
of the complex, and may be altered as the productive forces 
of both the complex itself and the surrounding area develop. 
The criterion for drawing the boundaries of a complex is the 
indicator of the significance of the connections between any 
point of the area studied and the industrial, transport, and 
administrative centres of neighbouring complexes. 

It is impossible to optimise the development of a complex 
by means of a single model, since one is then trying to solve 
problems of a different level of planning at one and the 
same time, each of which problems necessitates taking 
account of a different set of factors of a different degree of 
differentiation. The separate problems of organising a com- 
plex are dissimilar in nature, character, and degree of inter- 
connection. To solve them it is necessary to consider not 
only a different set of factors but also the application of 
different forms of taking them into account. In that way 
the logical scheme for studying complexes is mapped out, 
and also the approach and the instrument for the investi- 
gation, i.e. the mathematical economic model for optimising 
their production and spatial structure. 

We took the following premises as the initial position 
when developing our approach to optimising the organisa- 
tion of a territorial industrial complex. 

1. There is centralised direction of the economy with 
considerable freedom for decision-taking by the local autho- 
rities, that is to say, the main parameters of the organisa- 
tion of territorial units of any rank are determined at a higher 
level, while determination of the ways of shaping the area’s 
economy as a whole is reserved to the appropriate local 
territorial administrative authorities. 

2. The main pre-planning document for an economic 
region is the general plan for the development and allocation 
of the productive forces. One of the stages in drafting this 
general plan must be optimisation of the formation of terri- 
torial industrial complexes. 

3. Optimisation of the development of a complex is under- 
stood as determining the best variant (from the standpoint 
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of the national economy) for employing natural resources, 
labour, and other resources, the best periods, rates, scales, 
and proportions of development, structure and _ spatial 
organisation of all elements of the complex’s economy and 
of all its external and internal connections, given maximum 
economy of inputs of social labour to meet the output targets 
of the specialisation industries and provide the stipulated 
living conditions for the population, protect and conserve 
the environment and reproduce resources. That definition 
is, at the same time, the formulation of the general prob- 
lems of optimising the development of the complex. 

4, The organisation of a complex is optimised by finding 
the best combination of variants of the production struc- 
ture, external and internal connections, and development 
and location of all elements of the economy, settlement, 
and exploitation of resources. 

5. There is a system of models of long-term territorial 
industrial planning; and the pre-planning research into 
the structure of the economic region’s economy is carried 
out by stages (see Diagram 1.3). 

6. Because a complex is a structurally integrated, open, 
dynamic, stochastic economic system, the problems of 
optimising its organisation must be solved in stages, em- 
ploying mathematical economic models of a particular type. 

Underlying the suggested approach is the principle of 
the combination of enlarged and detailed analyses of the 
complex, gradual transition from the solution of general 
questions to partial ones, with their subsequent generali- 
sation, i.e. from the problems of the organisation of an 
economic region’s whole system of complexes to those of 
its separate complexes and their components (the separate 
elements of the economy and the territorial industrial 
combinations within the complex), and then the return 
once more to the complex as a whole. 

Five consecutive stages are proposed for tackling the 
general problems of optimising the organisation of a com- 
plex (see Diagram 1.4). 

The problems of all stages are solved subject to obliga- 
tory meeting of the production targets of the specialisation 
industries and development of elements of the infrastructure 
(the significance of which goes beyond the confines of the 
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Diagram 1.4, Sequence and Aims of the Stages of Research 
Economic region 
Delineation of the system of complexes and their specialisation 


Complex No. 1 Complex No. m 


Stage | 


Determination of the proportions of develop’ "| Determination of the proportions of deve- 
ment of the main elements of the economy lopment of the main elements of the economy 


Stage II 


Complex No. 1 Complex No. m 


Determination of the principles of the scheme 
for the development and allocation of the 
productive forces. 

Delineation of the network and specialisa- 
tion of industrial centres 


Determination of the principles of the 
scheme for the development and allocation 
of the productive forces. Delineation of the 
network and specialisation of industrial 
centres 


Stage HII 


Industrial Centre 
No. 1 

Determination of 
spatial structure 


Industrial Centre 
No. / 
Determination of 
spatial structure 


Industrial Centre 
No. k 


Industrial Centre 


No.1 
Determination 
of spatial structure 


Determination of 
spatial structure 


Stage IV 


Complex No. 1 Complex No. m 
> 
& Determination of the scheme of organisa- |°*~ Determination of the scheme of organisa- 
a tion and building plan tion and building plan 


area concerned), limitations on resources in short supply, 
and requirements allowing for the specific character of both 
the functional facilities and the separate parts of the area 
being studied. Such a posing of the conditions does not, 
however, exclude the possibility of the composition of the 
specialisation industries and the delivery targets for the 
separate types of output, and the scale and directions of 
the exploitation of resources, being made more precise. 
This is done when it appears necessary, from the results 
of the solutions, to alter the techno-economic indices pre- 
viously used, and it proves (during the second solving 
of the higher-level problems with corrected data) that it is 
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more expedient to site one industry or another in other 
complexes or industrial centres. As a result of the solution 
obtained, new ways of exploiting individual forms and 
sources of resources may be brought out. 

Because each complex is a link in the country’szeconomy, 
only that complex can be considered optimum within 
which the state output programme of the specialisation 
industries can be met, the requisite living conditions for 
the population created, nature protected and resources 
restored, with maximum economy of inputs of social labour. 
In that connection we adopted minimisation of the norma- 
lised aggregate inputs on the organisation and functioning 
of the economy of the complex being studied as the main 
criterion of optimality at all stages of our research. For that 
the effect of location was determined at regional level, of 
location and concentration at complex level, and of loca- 
tion, concentration, and organisation of the economy at 
industrial centre level. The adoption of this criterion as 
the basic one does not exclude the possibility of employing 
other criteria when dealing with certain matters connected 
with the organisation and functioning of complexes (the 
structure of the criterion for each problem is given in Chap- 
ters 4 to 10). Correspondence to the national economic opti- 
mum is achieved as a result of all the main parameters of 
the freedom of solutions, limitations, and conditions being 
derived from the solutions of the problems at a higher level 
of the system of optimal territorial industrial planning. 

At stages of the solution three main types of objects 
of study are singled out, as follows: 

(4) territorial taxonomic units: areals, sub-areals, and 
sectors; 

(2) functional elements of the economy: production (spe- 
cialisation industries, complementary industries, both auxi- 
liary and service); infrastructure (production, social, and 
institutional); manpower and natural resources; 

(3) production and transport connections (external and 
internal), 

The classification adopted is due to the need to allow for 
the specific features of each object and its place in the 
organising of the area’s economy, and to the nature of 
the problems of optimising their building and functioning. 
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Joint survey of all the elements of the economy, freedom in 
allocating resources, and allowance for the multilateral con- 
nections between the objects of research are a main feature 
of the approach proposed. 

The possible set of territorial taxonomic units, and their 
characteristics, and the composition of and variants for 
exploiting local resources are determined before solution 
of the problem, at the stage when it is being formulated. 
During optimisation of the spatial structure of the economy 
the areals (sub-areals, sectors) for locating elements of 
the economy, and the scale and direction of the use of 
resources, are decided, and the indices of inputs made 
precise. Neither complexes nor industrial centres are given 
in advance, but are delineated in the solution from analysis 
of the connections of the economy’s elements and the charac- 
ter of the exploitation of resources. 

All the elements of a territorial industrial complex— 
industry, infrastructure, local natural resources, and popu- 
lation—are considered during solution of the problems of 
optimising its organisation. But the scope and itemisation 
of their analysis differ. As a rule, there are three levels of 
detailing the representation of the objects of research 
corresponding to the three main ranks of territorial industrial 
combination (region, complex, industrial centre). The 
detail of the research increases on the whole from region 
to industrial centre, the objects surveyed being broken 
down and the content of the analysis altered; rather less 
attention is paid to matters of the organisation of the region’s 
specialisation industries, and more to the complementary 
industries, infrastructure, exploitation” of resources, and 
nature conservation (see Table 1. 1). 

The sub-areal is taken as the main territorial taxonomic 
unit, i.e. a compact space suitable for industrial and civil 
building and agricultural exploitation, possessing certain 
conditions different from the surrounding territory for the 
building of functional facilities. At regional level, sub- 
areals close in their characteristics are united into areals, 
while at the level of an industrial centre sub-areals are 
divided into sectors. It is taken that an areal, or an aggre- 
gate of areals, is the territorial basis for forming a complex, 
a sub-areal for the organisation of an industrial centre, 


TERRITORIAL INDUSTRIAL COMPLEXES 54 


Table 1.1. 
Differentiation of the Objects of Research by 
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region ties or large en- 
terprises 
Complex Sub-areal enterprises auxiliary enter- 
prises or lines of 
production 
Industrial Sector enterprises and, auxiliary and ser- 
centre their parts vice enterprises 
and plants 


and a sector for the organisation of an industrial zone, 
microdistrict (neighbourhood), recreation zone, or the 
administrative junction of an industrial centre. The func- 
tional facilities of the economy are itemised in a similar 
way. 

In order to optimise the organisation of a complex a large 
quantity of diverse initial information is required. Its 
composition and differentiation in accordance with the rank 
of the combination and stage of the solution of the general 
problem are given in Chapter 2, and in the description of 
concrete models (Chapters 4-10), 
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4. THE TOOL FOR AND STAGES OF OPTIMISING 
THE ORGANISATION OF A TERRITORIAL 
INDUSTRIAL COMPLEX 


The tool of research. A group of models for optimising the 
organisation of a territorial industrial complex is proposed 
as the tool for solving the problems posed (see Diagram 1.5). 
The following are the main elements of the group: 

a model of the spatial structure of a region’s system of 
complexes; 

a model for forecasting a complex’s main parameters; 

a model of the spatial structure of a complex; 
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Diagram 1.5. Group of Models for Optimising the Organisation of a 
Territorial Industrial Complex 
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a model of the production and spatial structure of a re- 
gional agrarian-industrial complex; 

a model of the location of industry; 

a model of the spatial structure of an industrial centre 
(agglomeration of centres, or zone of continuous develop- 
ment); 

a model of the process of organising a complex; 

a model of the organising of a complex’s infrastructure 
(transport system, fuel and power supply, fbuilding 
industry, services sphere); 

a model of the forming of a complex’s labour force;#% 

a model of the formulating of a complex’s building 

plan. 

Each model in the group is designed to solve the problems 
of a certain stage and range of matters. In that connection 
they differ in structure, level of aggregation, and means 
of reflecting the conditions of the organisation and function- 
ing of facilities, and of space and time. 

In accordance with the approach adopted the group con- 
tains enlarged models in which the most basic elements 
of a region’s economy are considered (the spatial structure 
of its system of complexes) or of a complex as a whole (fore- 
casting of its main parameters), and itemised models in 
which the separate intracomplex industrial centres or ele- 
ments of the infrastructure are represented, and, finally, 
models which, though also intended for detailed investiga- 
tion, are intended for study of a complex rather than its 
separate parts. All the models of the group are spatial, i.e. 
territory is represented in them by an aggregate of territorial 
taxonomic units rather than by a single point. The sole 
exception is the model for forecasting the main parameters 
of a complex. 

All the models are still linear and are constructed in 
continuous and compound formulations. The model for 
drafting the building plan of a complex will, obviously, 
be a grid one. 

The specific conditions of the organising of individual 
complexes and the different aims of the solutions necessitate 
the modifications of the separate models, i.e. enlargement or 
detailing of the reflection of certain conditions, alteration 
of the means of representing individual facilities, and so on, 
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In fact, almost every one of the finished models has several 
modifications. 

The level of treatment and degree of readiness for practi- 
cal use of the separate models differ; so, too, do the prob- 
lems of further research. 

The diversity of the aims of the research makes for dif- 
ferences in the structure of the models used. The group 
also includes models of an intersectoral type (for forecasting 
the main parameters of a complex) and of a production- 
transport type (for organising the infrastructure). But models 
specially created for the purpose, i.e. optimising territorial 
industrial, regional mesomodels, form the basis of the group. 
In grouping them under this designation we wanted to 
stress the characteristics of the object of investigation and 
to distinguish these mesomodels from the other models. 
They are primarily territorial models, since the main objects 
in them are the taxonomic units of the country’s territorial 
system, but they are also production models, since the basis 
of a formation of any rank of territorial taxonomic units 
is taken to be production, and the organisation of all ele- 
ments of the economy and exploitation of resources are 
optimised on the condition of meeting the output targets 
of the specialisation industries. And they are regional 
models of course, because they cover the whole aggregate 
of the elements of the economy of the area being studied, 
i.e. economic region, while, by composition of conditions 
and level of aggregation, they occupy a position midway 
between regional macromodels and regional micromodels, 
and so, consequently, are mesomodels. 

A stage-by-stage (consecutive) account of the parameters 
of the freedom of solutions was adopted for these models, 
and an unformalised transition from one stage of the solu- 
tion to another (from one model to another). Thanks to that 
we have been able to analyse each solution more deeply, 
extend the number of conditions and factors considered 
from stage to stage, check the course of the solution, and 
construct the separate models consecutively so as to intro- 
duce them more quickly into the practice of long-term terri- 
torial industrial planning. Each model can function either 
in the group or separately. 

Two types of direct connection and feedback are proposed 
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between the models: namely, (1) transmission of information 
for the next stage of the solution and co-ordination of the 
solutions of two neighbouring levels; and (2) exchange of 
data between models either of one stage or of two consec- 
utive stages. The control problem in co-ordination is to 
check that the solutions of different levels do not contradict 
one another and satisfy the common criterion of optimality 
for the problem as a whole. Information is transferred from 
stage to stage within the group (from top to bottom, as shown 
in Diagrams 1.5 and 1.6); some of it is obligatory in the next 
stage and cannot be altered, and some can be made more 
precise, as a rule, as a result of detailing the solution. 
There are also feedback connections between all the models— 
from bottom to top. The information passing in this 
direction is mainly about increasing the precision of some 
of the indices of constraints clarified during more detailed 
analysis. 

The co-ordination problems are of paramount importance 
on the whole not only because, without solving them, a sys- 
tem cannot be created and the structure of the separate 
models determined but also because co-ordination of the 
models facilitates solution of the problems of co-ordinating 
territorial and sectoral planning, which is also needed in 
order to convert the models into an important tool for 
practical pre-planning research. 

The stages of the solution. The general problem of optimis- 
ing the organisation of a territorial industrial complex is 
solved, as already noted, in several stages, each of which 
is a logical continuation of the preceding territorial investi- 
gations. The number of stages needed and the set of models 
used are determined by the goal of the investigation, the 
length of the future period, the specific features of the area 
being studied, and the degree of coverage of the initial 
information. 

With long-term forecasting of the development of the 
productive forces of a major economic region, when it is 
necessary to bring out the features not only of the region 
as a whole but also of its main parts (complexes) and to 
determine their specialisation in the inter-regional and 
intraregional division of labour, the investigation can 
be limited to Stages I and II, or IJ and III (see Diagram 1.4) 
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For medium-term forecasts, when analysis of the spatial 
organisation of the region’s economy and its parts is already 
called for, a quite detailed investigation of each complex 
is required, namely, the location of all elements of its 
economy; the organising of the complementary industries 
and infrastructure; the direction of exploitation of resources; 
the complex’s external and internal connections; detailed 
analysis of the forming of the separate parts of each complex 
(territorial units and elements of the economy) as well as 
of the complex as a whole—the number of stages will be 
greater—all five.| 

The objects, the set of factors considered, and the degree 
to which they are analysed are determined in accordance 
with the place of each stage in the pre-planning investiga- 
tion and the content of its problems. 

In Stage I of optimisation all the interconnected com- 
plexes of the economic region are investigated; in Stages IT 
and III the separate complexes; in Stage IV the territorial 
parts of a complex (industrial centres and their agglomera- 
tions, and the systems of settlement); and in Stage V the 
problems of forming the complex in time, and of the devel- 
opment of the separate elements of its economy. 

At the same time as the objects of research (the region’s 
system of complexes, and individual complex and its parts) 
are broken down, the elaboration of the analysis of the 
economy’s elements, and of the factors involved in forming 
the structure and the character of the spatial organisation 
of production, and*the sequence and rate of development 
both of the complex’s parts and its whole, are*increased 
(see Table 1.2). i 

In Stage I attention is mainly paid to investigating the 
location of enterprises of the specialisation industries, 
allowing very roughly for the specific features of the econo- 
mies of the separate complexes’ areas. Transport, problems 
of town planning, the power and building bases, the agricul- 
tural zones around towns, and local resources are considered 
solely from the angle of clarifying their effect on the siting 
of enterprises of the specialisation industries of the whole 
economic region, and on the organisation of the infrastruc- 
ture of inter-regional and general regional  signifi- 
cance. 


OPTIMISING THE FORMATION OF COMPLEXES 64 


In Stage II the investigation is already being made at 
the level of each separate complex. Not only are the special- 
isation industries analysed but also the complementary 
ones. Agriculture, transport, and the services sphere are 
treated as autonomous elements, but all elements of the 
economy are considered as a whole for the complex, without 
analysing their distribution and location. 

In Stage III enterprises of the specialisation and comple- 
mentary industries figure as autonomous planning objects. 
Transport is represented by the sections both of intercomplex 
trunk lines and lines of intracomplex significance. The scale 
of development of the infrastructure and territorial location 
of its elements are also determined. The conditions for 
developing the area are studied in detail and also possible 
variants of the exploitation of a complex’s individual sub- 
areals and of the mass of farmland, as well as of its major 
parts or areals (as was done in Stage I). 

In Stage IV the same elements of the economy are consid- 
ered as in Stage III but in greater detail at the level of 
the zone of continuous development, of agglomerations of 
industrial centres, and of separate centres. In Stage V it is 
not so much the objects of the investigation that are elab- 
orated as the period of the forming of the complex. 

Three groups of factors have the greatest effect on the 
organisation and efficiency of large intraregional territo- 
rial industrial complexes: namely, natural resources, man- 
power, and the economic conditions of the complex’s for- 
mation. The set, the means of taking the separate factors 
into account, and the degree to which they are elaborated 
in the various models and at the different stages of the 
investigation are substantially altered in accordance with 
the problems and the period of planning. 

The differentiation is also the same with different ap- 
proaches to solving the problems of one and the same stage 
(e.g. by models of the spatial structure of a complex and 
of the location of its industries in Stage III; of industrial 
centres and zones of continuous development in Stage IV; 
the process of organising a complex and shaping its infra- 
structure in Stage V). The sole exception is the condition 
characterising the complex’s place in the territorial divi- 
sion of labour (output targets of the specialisation indus- 
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Table 1.2, 
Characteristics of the 
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Table 1.2. (continuation) 


ce 
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torial in- Purpose of the 
Stage} qustrial investigation 
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Content of the stage 
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tries), which constitutes an obligatory limitation at all 
stages and in all the models. 

Kach stage has its own characteristics, range of matters 
to be resolved, list of factors and conditions that must be 
made more precise, degree to which they are to be elaborat- 
ed, and forms of allowing for them, set of initial infor- 
mation, models and directions of analysis of the results 
obtained (see Diagram 1.6). 

Stage I of the solution thus pursues two aims: namely, 
(a) delineation of complexes, and (b) determination of the 
specialisation of each complex. It is preceded by optimisation 
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of the industrial structure of the region as a whole and 
solution of the separate intraregional complex problems 
(see Diagram 1.6, Stage 1), when the region’s specialisation 
in the inter-regional division of labour is made precise, 
i.e. the composition and delivery targets of the specialisa- 
tion industries are made more precise, the targets and the 
exploitation of resources in short supply are determined, 
and also the norms for the population’s living conditions, 
and the inputs by which the national economic efficiency 
of the exploitation of the region’s resources has been clari- 
fied, since its complexes are closely interlinked. In addition, 
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until the facilities of the specialisation industries and ele- 
ments of the inter-regional infrastructure, and of the comple- 
mentary industries closely associated with them, have been 
sited and until the need to draw on the resources of the 
separate sectors of the region’s territory has been clarified, 
it is impossible, in practice, to solve the problem at the 
level of an individual complex. In that connection the 
conditions for the building and functioning of the facilities 
of the specialisation industries and of the inter-regional and 
general regional production infrastructure are analysed, and 
also the conditions for the exploitation of local resources 
and for the allocation of resources in short supply over the 
whole region and within the areals delineated. 

The territorial industrial complexes themselves do not 
come into the problems of Stage I as autonomous territorial 
units. It is assumed that they are not yet known or that 
our representation of their future system may be mistaken. 
The main task of Stage I is, therefore, to delineate the future 
complexes, determine their specialisation, and make the 
specialisation of existing complexes more precise. 

The initial position adopted for solving the problems of 
Stage I is that the concentration of facilities of the special- 
isation industries and of elements of the inter-regional and 
general regional infrastructure determines the choice and 
specialisation of areals while the combination of areals and 
the interareal communications of the elements of the pro- 
duction infrastructure form the skeleton of the spatial 
structure of a complex. The separate complexes and the 
whole system of complexes of the economic region are 
delineated from the results obtained by solving the problem 
of Stage I on the basis of analysis of the relations between 
areals. 

A model for optimising the spatial structure of a region’s 
system of complexes is proposed for solving the problem 
of Stage [. The formulation of the problem and the model 
are described in detail in Chapter 4. 

The following variants are chosen at Stage I of the solu- 
tion, allowing for both the production and the territorial 
factors: namely, the connections for obtaining raw materials 
and for interareal exchange of output; the conditions for 
providing electricity and fuel, for multipurpose exploitation 
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of the interareal grid, for employing manpower, and for 
exploiting land and water resources; the conditions of town 
planning and building, organising the building industry, 
and creating and operating the local agricultural zone. 

From the results of the investigation of Stage I the following 
are determined: the variant for the allocation of basic 
resources among the main consumers; the enlarged scheme 
of the location and connections of production units; the 
directions, structure, and scale of interareal freight traffic 
and transmission of electricity; the variant for development 
of the power grid and of the interareal transport system; 
the demand for labour; and the volume of capital investment 
by areals. Analysis of the data obtained makes it possible 
to determine the areals of concentration of production units 
and their connections, and at the same time to clarify the 
composition and specialisation on a national and regional 
scale of the region’s whole system of complexes. 

It was found during work on the problems of Stage I of 
the investigation of complexes that the danger of a too 
great elaboration, analysis, and aggregation was greater 
than in the other stages. It is possible to modify the formu- 
lation of the problem and model depending on the specific 
character of the area being studied, the length of the period 
being considered, and the purpose of the results obtained. 
In addition, it is more necessary to take the*stochastic 
character of the initial information into account* when soly- 
ing the problems of Stage I than in the other stages. 

After allocation of the targets for output of the specialisa- 
tion industries and of the region’s general multipurpose 
resources among the complexes, and determination of the 
scale of development and location of*the major facilities 
of the main elements of the general regional production 
infrastructure, it becomes possible to pass on to investigation 
of the individual intraregional complexes. 

The specialisation of a complex revealed by the results 
of Stage I characterises its place in the territorial division 
of the Soviet Union as a whole, and of the region (indicates 
the composition of the specialisation industries, their scale 
of development at the end of the plan period, the complex’s 
external connections by deliveries of their output and import 
of needed resources). However, the solutions of Stage I 
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do not yet provide a full picture of a complex as an integrat- 
ed, constantly developing system. 

The composition and scale of development of the special- 
isation industries affect the structure and development of 
the complementary industries and the size of the population. 
The need for proportional development of the interconnected 
elements of the economy is reflected in the structure and 
level of development of the production infrastructure. The 
increase in population caused by the growth of industry 
calls for a corresponding development of the elements of 
the social infrastructure. The scale of the resources that 
will be needed for proportional development of these ele- 
ments of the complex’s economy is largely determined by 
the level of development of the complementary industries 
and of the production and social infrastructure at the begin- 
ning of the plan period, and also by the magnitude of the 
free local reserves of labour. These relations of the elements 
of the complex’s economy are studied in Stage II, at the 
stage of analysing the proportions of the development of 
its main elements. 

In order to allow more fully for these connections it is 
necessary to consider the forming of the complex in time, 
which calls for dynamic information on its external connec- 
tions. We assume that this will become known through solv- 
ing the dynamic regional and sectoral problems. 

Thus, the problems of Stage II of the investigation are 
formulated as follows: to determine the parameters of the 
organisation of a complex in time as a first approximation, 
viz. the demand for and allocation of multipurpose resources 
as a whole; the sequence and rates of building the main 
facilities of the specialisation industries; the composition, 
scale and rates of development of the complementary 
industries and elements of the production and social infra- 
structure of general regional and complex significance by 
intervals of the total planning period, given meeting of the 
targets of the specialisation industries, provision of the 
stipulated living conditions for the population, observance 
of the limitations adopted, and minimising of the normalised 
inputs involved in building the complex. 

To solve these matters we propose using a model for 
forecasting the basic parameters of a complex (Chapter 5), 
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a model that reflects the interconnections of the elements 
of the complex’s economy in time. The general picture of 
the organisation of the complex’s economy with the given 
specialisation is clarified from the results of the investiga- 
tions of Stage II. If the analysis indicates that the complex 
will not be built up with the allotted limit of capital invest- 
ment, it is necessary to return to Stage I and once again 
make its specialisation more precise by taking more detailed 
information on its specific character into account. After 
that one can pass to solution of the problem of Stage III, 
and use some of the information obtained to formulate the 
problem of Stage V (see Diagram 1.6). 

In Stage IIJ, during] determination of the principles of 
the plan for the development and allocation of the complex’s 
productive forces the possible variants of the location and 
functioning of all the main elements of its economy are investi- 
gated for each complex, the network of intracomplex indus- 
trial centres is delineated, and’the specialisation of each 
of them clarified. The problem is solved, as in Stages I 
and IJ, after the following have been determined: namely, 
the delivery targets and composition of the specialisation 
industries; the scale of development of the elements of the 
intercomplex infrastructure; the limits for the complex 
on the use of resources in short supply. More detailed data 
on the conditions for the following are drawn on as initial 
information than in Stage I: the forming of the population; 
the development of the separate parts of the complex’s 
area; and the exploitation (utilisation) of all forms of 
resources. The objects of investigation are also represented 
in a more differentiated form (see Table 1.1): enterprises 
rather than aggregated industries; intersub-areal communi- 
cations rather than interareal ones; sub-areals rather than 
areals; and the resources of a sub-areal are taken into account 
by categories for the sectors of its area and not simply for 
the sub-areal as a whole, and so on. In some cases labour 
is considered in a sex break-down. 

Special attention is paid to analysing the location of 
industry and agriculture. But the location of their facilities 
(unlike the sectoral problems for industry or agriculture) 
is optimised in this case together with determination of 
a variant of the allocation and exploitation of both single- 
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and multipurpose resources, and of the scale of development 
and scheme of location of the main elements of the infrastruc- 
ture, i.e. resources and services are not allocated before 
the solution is obtained. The location of production units 
and their concentration as well as of transport facilities 
at certain points or groups of points are the basis for the 
organisation of industrial centres and transport junctions, 
systems of settlement, the unified transport network, and 
other elements of a complex. Consequently, when the loca- 
tion scheme for industry is being worked out, the scheme 
of the spatial structure of all the complex’s elements is 
established, i.e. the basis for the scheme of development 
and allocation of the productive forces of the complex is 
formulated. 

Two ways of working out the scheme of the spatial struc- 
ture of the complexes and their parts are possible, depend- 
ing on the production structure and scale of development 
of the individual complexes and the aims of the investiga- 
tion. These ways differ in the manner the objects are repre- 
sented in the models, in the scope of the analysed elements 
of the economy, the composition and structure of the models 
employed, the set of the initial data needed, and the dif- 
ficulties involved in preparing these data. 

One way is employed when an integrated multisectoral 
complex with a highly developed industry and agriculture, 
a large set of possible variants of the location of individual 
production units, and a variety of the conditions of their 
operation and interrelationships is being investigated. 
It is impossible, in practice, for such a complex, to consider 
in-advance all probable variants of the location and con- 
nections of the individual production units and of the 
organisation of industrial centres. In that case the plan 
of the complex’s spatial structure is determined by two 
different but interconnected models: namely, (a) the loca- 
tion of all elements of the economy except the sectors of the 
agrarian complex is optimised (the model for the spatial 
structure of a complex in Chapter 6), while agriculture is 
studied separately with the industries closely connected 
with it, i.e. the regional agrarian-industrial complex (the 
model for its industrial and spatial structure is given¥in 
Chapter 7). The need for separate solution of the two problems, 
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and for employing different models, is due to the fact that 
optimisation of the location of industry and agriculture 
calls for taking many different? factors and the specific 
conditions of each industry into account. 

The reciprocal influence and connections of industry and 
agriculture (competition for the use of land, water, labour, 
main transport routes, and certain other resources; the 
need to provide places of concentration of urban population 
with perishable farm produce; the need to process certain 
types of farm produce on the spot) are taken into considera- 
tion in the form of the appropriate constraints (equations 
and inequalities) in the models of the spatial structure of 
a territorial industrial complex and of the industrial and 
spatial structure of the agrarian-industrial complex. They 
can be solved in any sequence. The results are mutually 
adjusted, and after several iterations a reciprocally corre- 
lated variant of the location of industry, agriculture, trans- 
port, infrastructure, and population becomes clear. 

The use of the two models to determine the plan of the 
spatial structure of an individual complex yields many 
interesting data for thorough analysis but calls for a great 
quantity of laborious initial information. These same linear 
models have two serious inherent drawbacks that have 
to be taken into account when the results are being analysed. 
(4) It is impossible to allow during the solution for changes 
in the techno-economic indices of the individual planning 
objects with changes in their scale of utilisation. (2) The 
possibilities of reducing inputs on production, building of the 
infrastructure, and exploitation of resources through the 
combinations of production units arising during the solu- 
tion in the composition of the separate industrial centres 
are not sufficiently taken into account. 

Because there are still no regional non-linear models*that 
satisfy the requirements of the practical problems of allow- 
ing for the non-linearity of certain dependences and of the 
effect of concentration, a second way of solving the problem 
of determining the spatial structure of a complex’s economy 
has been proposed. It can be employed to investigate com- 
plexes with a narrow!specialisation of industrial production, 
a small number “of facilities, and poor development of 
agriculture or market gardening near towns, in which it 
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has been possible to assume the location and probable 
industrial structure of the industrial centres in advance. 
In addition, this way can also be employed to study integrat- 
ed complexes when a detailed analysis of the location 
scheme for industry is not needed but only a rough (prelim- 
inary) analysis. 

The problem boils down to determining a variant of the 
development and location of industry, of the industrial 
structure of the main industrial centres, and of the develop- 
ment plan of the transport system and system of settle- 
ment, given obligatory fulfilment of the production targets 
of the specialisation industries, observance of the given 
limitations and minimisation of normalised expenditure 
on the building and functioning of all the facilities 
studied. 

In order to use the second way of determining the spatia. 
structure of a complex we suggest a model of the location 
of its industry by centres (see Chapter 8). 

With the second approach the means of reflecting a com- 
plex in a model is changed. When the first way is used the 
main objects of optimisation are individual enterprises, 
the means of representation variants of their functioning, 
and the unknowns the indices of production, given different 
variants of location and production connections; but when 
the second way is employed ‘the main objects become indus- 
trial centres, the methods of representation variants of their 
functioning, and the unknowns locations, the structure of 
production, the direction and structure of the centres’ com- 
munications, and variants of the reconstruction of sections 
of the transport system and system of settlement. The objec- 
tive function of the solution with either method remains 
the same, namely, minimum inputs in connection with 
meeting the production targets of the specialisation indus- 
tries while observing the limitations adopted. 

The basic difference is that, with"the first variant, the 
industrial centres are formed during the solution, while 
with the} second variant they} are formed before the solu- 
tion, during preparation of the initial data. Variants of 
their formation are differentiated by the set of undertakings, 
systems of settlement, communication schemes, and develop- 
ment of the infrastructure. Manpower reserves and their 
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composition are taken into account in the process, and also 
the characteristics of the sectors of the area suitable for 
building, the state of the water supply, the hygienic and 
sanitary requirements of the individual production units, 
and other conditions. 

As a result of solving the problems of Stage III of the 
investigation (employing either two or one model) with 
a different degree of elaboration, a scheme of the develop- 
ment, location, and connections of all the complex’s ele- 
ments is obtained, i.e. the scale and direction of the exploi- 
tation of all types of resource are determined, and also the 
location of the facilities of the specialisation and comple- 
mentary industries, of the main facilities of the infrastruc- 
ture, the location, scale of development, and industrial 
structure of the industrial centres, the distribution of freight 
traffic among the different types of transport and the plan 
of the complex’s transport system, the distribution of popu- 
lation and the structure of employment by centres. 

As a result of completing the first three stages of optimisa- 
tion, a general picture of the production activity and spatial 
structure of each complex ofjthe economic region is obtained. 
However, there still remain certain unresolved, or 
insufficiently elaborated problems of the functioning of the 
separate elements of the economy and territorial parts of 
each complex. Among these we can put, in the first place, 
investigation of the forming of certain elements of the 
infrastructure, viz. the building industry, the services 
sphere, individual industrial centres, the combination of 
centres with areals of intensive agricultural production, 
and the system of settlement. It is also necessary to make 
a fuller analysis of the possibilities and, above all,Qways 
of providing the complex as a whole and its separate parts 
with certain types of reproducible, structurally complex 
resources (e.g. labour). 

These matters can only be resolved after the structure 
of production and the general plan of the spatial organisa- 
tion of the complex have been clarified. To analyse them it 
is necessary to allow in more detailed fashion for a large 
number of specific microconditions, which it is impossible 
or irrational to do in the preceding stages of the investiga- 
tion. Their transfer to the final stages makes it possible 
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to relieve as it is complex models of Stage III, and fully 
corresponds to the sequence of the pre-planning drafting 
of the long-term schemes for development of the productive 
forces of the separate areas. 

Stage IV of the solution of the general problem of opti- 
mising the organisation of a complex, viz., determination 
of the spatial structure of the industrial centres, is a logical 
continuation of Stage III. It is done after the network of 
intracomplex industrial centres has been delineated in the 
preceding stage, the specialisation of each of the centres 
determined, and the configuration of the intercentre trans- 
port system, and the development variant of the other ele- 
ments of the infrastructure of significance for the whole 
complex have also been clarified. The problem of Stage IV 
is functional zoning of the area, and optimisation of the devel- 
opment and location of all elements of the economy within 
the centres, of the exploitation of resources, and of settlement. 
A model of the spatial structure of an industrial centre is 
proposed to solve it (see Chapter 9). 

Industrial centres and agglomerations of centres, zones 
of intensive development of agriculture, and even zones 
of compact development must not be autonomous objects 
of territorial long-term planning as is the case with a com- 
plex.’But that does not eliminate the need to consider them 
as objects not only of the pre-planning investigation of sec- 
tors but also of complexes. The fact is that many interde- 
partmental connections arise within these territorial for- 
mations, above all as regards the exploitation of resources 
and of elements of the infrastructure. And there is always 
a real possibility of improving these connections and of 
making a substantial saving of funds in developing the area 
and all elements of the economy. It is not enough, therefore, 
to compile schemes of settlement, land use, and other partial 
solutions; it is necessary to draft unified schemes for the 
development of these areas and for the spatial organisation 
of the economy. 

To draft them within the context of the group of models 
in Stage TV, models of the aggregate of industrial centres 
and zones of continuous development are provided, in 
addition to the*model of the’ spatial structure of an indus- 
trial centre (see Diagrams 1.5 and 1.6). 
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The zone of continuous development is big enough for 
solving matters of principle, because it is the basis of a com- 
plex, while it issmall enough to permit solution of concrete 
engineering and planning problems. 

The results of Stage IV, using one or more models, bring 
out the spatial structure of the separate parts of a complex. 
They will be employed to adjust the indices of the problems 
of Stage III and as initial data for Stage V, when schemes 
of the system of settlement and of the general plans of the 
industrial centres, and other pre-planning projecting docu- 
ments will be worked out. 

Most of the models of the group are static; the results 
of solving them bring out what a complex will be like by the 
end of the planning period. But that is not enough for many 
of the pre-planning investigations. One also has to know the 
process of the complex development. The character of the 
development of the separate parts of the area and the se- 
quence for building the facilities are essential so as to choose 
between one variant and another; and substantial reduction 
of the input of social labour can be achieved through rational 
development of both the separate elements of the complex 
and of their combinations. In that connection, after a quite 
detailed analysis of the complex as a whole and of its res- 
pective parts (industrial centres and agglomerations) Stage V 
is tackled, i.e. analysis of the process of organising the 
complex as a whole and its separate parts, and determination 
of the scheme for the organisation of the complex. 

In essence Stage V consists in determining a variant 
of the forming of the complex as a whole (in time), i.e. the 
complementary industries, infrastructure, exploitation of 
resources, and settlement, allowing (a) for the targets for 
development of the facilities of the specialisation industries 
and elements of the intercomplex infrastructure and provi- 
sion of living conditions for the population, and (b) for the 
location plan of the main facilities of the specialisation 
industries and the sequence for developing the separate 
parts of the area clarified by the results of the preceding 
stages of the investigation. A dynamic model of the forming 
of a complex is proposed for solving this problem (see Diag- 
rams 1.5 and 1.6) a detailed description of which is given 
in Chapter 10. 
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Optimisation of the organisation of a complex calls for 
solving many problems of the forming of the infrastructure. 
Each infrastructural sector and many of its separate parts 
have specific features that must be taken into account when 
the variants for the development, location, and connections 
of the facilities are being determined. In general the develop- 
ment and location of all types of infrastructure are considered 
at all stages of the solution, and the infrastructure is repre- 
sented with a different level of itemisation in all the models 
of Stages I to IV. 

In spite of the fact that the development scheme of the 
infrastructure, and of its composition, connections, and 
location, has already been solved in general outline and made 
precise through optimising the formation of the complex, it 
is necessary, in Stage V, to solve problems for each sector 
of the infrastructure and for certain multipurpose resources 
(e.g. manpower). In that connection the group of models 
includes models of the organising of the complex’s infrastruc- 
ture and labour force (see Diagram 1.5). These problems 
cannot, however, be finally solved at complex level because 
they are linked with the organising not simply of one complex 
but of the respective sectors or of the population in the whole 
system of the region’s complexes. This explains the recipro- 
cal tying-up envisaged in Diagram 1.6 of the results of the 
solution obtained from these models with the results of the 
solutions from the model of the forming of a complex and 
from the models of the respective intraregional, complex 
programmes at regional level. 

Stage V and the whole work are crowned by the drafting 
of the building plan for the complex. Until a model has 
been constructed for that purpose, drafting of the invest- 
ment programme for the complex will obviously remain 
the final stage of the solution. 

During the five stages of the investigation it is proposed 
to solve three types of problem differing in content and 
calling for a special structure of the mathematical economic 
models and the principles for constructing them. 

1. Determination of the optimum variant of the spatial 
structure of each complex (Stages I, III, IV). This problem 
can be formulated in general form as follows: determine the 
variant of the exploitation of resources, location of indus- 
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tries and elements of the infrastructure of the respective 
complexes, given fulfilment of their role in the territorial 
division of labour and minimisation of the normalised 
inputs on their building and functioning. A series of optimi- 
sation models is proposed for this problem, corresponding 
to each rank of territorial industrial combination: namely, 
for an economic region, a model of the optimisation of the 
spatial structure of its system of complexes; for an individ- 
ual complex, a model of its spatial structure and a model 
either of the production and spatial structure of the agrarian- 
industrial complex or of the location of industry; for part 
of a complex, models of the spatial structure of the economy 
of the zone of continuous development and of an individual 
industrial centre or agglomeration of centres (see Diagrams 
1.5 and 1.6). The following are considered simultaneously 
in each of these models: the industrial units, infrastructure, 
and resources of the complex concerned. 

2. Analysis of the formation of separate complexes (Stages II 
and V). The essence of this group of problems consists in 
verifying the correspondence of the sequence, periods, and 
rates of building of the facilities of the specialisation indus- 
tries, the scale, periods, and rates of development of the 
complementary industries and elements of the infrastructure 
and of the exploitation of resources, on condition of mini- 
mising inputs on the building of the complex. 

To resolve this type of problem dynamic optimisation 
models for forecasting a complex’s main parameters and 
the process of its forming are proposed. The possible variants 
of the organisation of the specialisation industries are 
represented in them; and, freedom is permitted in formulat- 
ing the variants of the development of complementary 
industries, all the elements of the infrastructure, and the 
exploitation of resources. A joint, interconnected survey 
of all production units and all elements of the infrastructure 
is the great achievement of these models, because it renders 
it possible to represent the formation of the complex under 
study as a whole. 

3. Determination of the variant of the shaping of the separate 
elements of the infrastructure and of the building plan of 
a complex (Stage V). The content of the problems of this 
type boils down to elaborating variants of the location, 
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connections, rates of development, and structure of each 
type of infrastructure of the complex concerned, given 
minimisation of the normalised inputs on the building and 
functioning not only of the complex’s whole economy but 
also of the given type of infrastructure on the scale of the 
whole region. Separate analysis of the development of each 
individual type of infrastructure (transport system, building 
industry, fuel and power supply), and not of the whole 
aggregate of them, is the main difference in principle between 
the problems of Stages II and III. In the given case the 
interconnections of each separate type of infrastructure and 
the whole economy are studied, and as a result, possibili- 
ties develop not only of obtaining a detailed scheme of the 
organisation of the type of infrastructure concerned but also 
of adjusting the input indices according to it. 

However perfect the methods of mathematical modelling, 
it is impossible in practice to reflect fully and reliably in a 
model the whole diversity of the factors and conditions 
affecting the development of a real economic system. Any 
optimal plan obtained from computations on models must, 
therefore, be adjusted in accordance with the concrete 
conditions of their realisation. 

When the group of models for optimising the forming 
of complexes at Stage I is employed, the specialisation 
of the complexes is determined by means of a model of the 
spatial structure of the economic region. The solution from 
this model serves, as we have already noted, as the initial 
data for models of the spatial structure of each of the sepa- 
rate complexes (Stage III), functioning, moreover, as firm 
assignments. The field of possible solutions of the problem 
of the spatial structure of a complex is consequently already 
partially limited by the computations of Stage 1. On the 
other hand, the initial indices characterising an individual 
complex in the model of Stage I [the indices of the exploita- 
tion of local resources (land, water, etc.), the building and 
functioning of industrial facilities, the plan for the location 
of which is optimised in the Stage I model] undergo changes 
after solution of the problems at Stage III. These altera- 
tions are not only linked with the possibility of a more de- 
tailed taking account, at Stage II], of the conditions of each 
separate complex but are also connected with optimising 
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the location of the given aggregate of industries in definite 
sub-areals. In these conditions the need to determine the 
field of possible adjustment of the optimum solution of the 
problem becomes an obvious insufficiency of a single opti- 
mum solution of the problem of a higher level for determining 
the variant of the specialisation of the individual complex. 

By field of adjustment we mean the aggregate of intervals 

of alteration of the problem’s economic indices, each of which 
has its own corresponding structure of a plan that is optimal 
only within this interval. Obtaining the field of adjustment 
gives a chance of clarifying the set of proposed strategies 
of the functioning of the system being studied corresponding 
to the changes in the initial indices for the separate elements 
of the system within these intervals. Clarification of the 
aggregate of strategies thus makes it possible to determine 
not only the direction of the adjustment of the optimum 
solution of the problem but also its qualitative expression, 
corresponding to the changes in the economic indices. 
_ During practical determination of the field of adjustment 
several difficulties arise in the forming of the interval of 
change of each economic index and in simulating the behav- 
iour of the latter within this interval and the interaction 
of the economic indices (allowing for the simultaneity of 
their possible changes). To solve this problem we used a meth- 
od of investigating the zone of indeterminacy of an opti- 
mum solution developed at the Power Institute of the 
Siberian Department of the USSR Academy of Sciences.* 
Determination of the field of adjustment includes several 
stages each of which has a corresponding complex of prog- 
rams for an electronic computer (see Diagram 1.7). 

To begin with, an initial variant of the problem is cal- 
culated. Econometric analysis of the solution obtained 
brings out the factors substantially affecting the formulation 
of the optimum plan, special attention being paid to the 
factors in which changes in the initial data can cause a change 
in the structure of the optimum plan. For each of these 


* A, A. Makarov, “Basic Ideas of the Method of Studying the 
Zone of Indeterminacy of the Optimum Solution of Linearised Systems”, 
In Algoritmy i programmy issledovaniya zony neopredelennosti optimal- 
nogo resheniya (Algorithms and Programmes for Studying the Uncer- 
tainty Zone of an Optimum Solution), Irkutsk, 1970, pp. 4-14. 
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Diagram 1.7. Main Stages in Determining the Field of Adjustment 
and Set of Computer Programs 


Stage I 


Calculation of the 
initial variant of the 
problem and _ econo- 


metric analysis of the 
solution obtained 
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aggregate of the com- 
binations of initial 
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nation of the field of 
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Program of the simplex method 


for resolving the general problem 
of linear programming 


Service program for processing 
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mum solutions into an unknown 
number of groups sought 
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factors the upper and lower limits of the intervals of change 
of their indices are determined from expert economic apprais- 
als. 

The possible combinations of the altered initial indices 
are then calculated, the mathematical apparatus for which 
makes it possible to take a multiplicity of interconnected 
factors into account affecting the change in each index, 
the simultaneity of random changes in the various indices, 
and the behaviour of each index within the limits of the 
accepted interval of change. Each of the combinations 
obtained forms a new variant of the problem differing from 
the original one in the quantitative values of the initial 
economic indices. 

Finally, an aggregate of optimal plans reflecting the 
behaviour of the economic system with changes in its 
initial information within the given intervals is determined. 
The solutions obtained are grouped according to the unifor- 
mity of their structure, the number of groups not being known 
in advance. The intervals of change in the economic indices 
of the problem, for each of which there is a corresponding 
structure of the optimal plan, are clarified, i.e. the field 
of adjustment of the optimum solution is determined. 

The results of the experimental computations made 
indicated the expediency of determining the field of possible 
adjustment of the optimum solution of the problem of form- 
ing a complex. During formulation of the intervals of change 
in inputs constituting the field of adjustment, it becomes 
possible to represent and evaluate the behaviour of the stu- 
died economic system in more detail, and to determine the 
degree of the effect of the various factors taken into account 
in the problem on the choice of the optimum variant of the 
location scheme of the industries. This method can probably 
be employed to co-ordinate the system of models. 


** * Ok 


The proposed approach to employing mathematical eco- 
nomic models to optimise the development of territorial 
industrial complexes, and the sequence of the solutions, 
are not universal; the models are standard ones, i.e. are 
suitable for investigating any region and any complex 
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in the Soviet Union. Territorial industrial complexes are 
very diverse; even within a large economic region (e.g. 
Siberia) they differ in their place in the economy of the 
USSR, in the time they come into being, in the scale and 
level of development of the productive forces, in the com- 
position and extent of the resources, in the industrial and 
spatial structure of the economy, and in the conditions 
of their organisation and functioning. In that connection 
there cannot be standard models that would equally satisfy 
the requirements for optimising the formation of any comp- 
lex. Changes must be introduced into them in the writing 
of certain conditions, depending on the characteristics and 
the set of the most pressing problems of the complex being 
studied. 


2 


COMPOSITION OF THE INITIAL 
INFORMATION 


V. D. Ionova and M. A. Malinovskaya 


The composition of the initial information to solve the 
problems of optimising the formation of territorial indust- 
rial complexes is determined by the economic posing of 
the problems, the characteristics of the mathematical eco- 
nomic models, and the nature of the criterion adopted. 
The initial information includes the following: 

(a) indices of the limitations defining the field of accep- 
tance of solutions; 

(b) coefficients of the matrices characterising the main 
technical and economic indices of the objects and con- 
straints of the problems; 

(c) coefficients of the objective function reflecting inputs 
by variants and modes of functioning of the objects; 

(d) the intracomplex conditions for the building and 
functioning of the elements of the economy for each territo- 
rial taxonomic unit (region, complex, industrial centre). 

The formulation of information for solving the problems 
by the group of models proposed here rests on the principle 
of stage-by-stage detailing and supplementing of the initial 
data. The information put into a model at one stage or 
another is an assignment or target from the solutions of 
the preceding stage, but is also supplemented by indices 
detailing the sectoral and territorial aspect. The content 
and character of the initial data are altered depending 
on the purpose of the investigation (see Table 2.1). 

All the initial information is thus divided into two types, 
as follows: 

1. Indices obtained through the solution of problems of 
a higher stage or taken from the data of project studies and 
qualitatively analysed. They include the basic indices form- 
ing the limitations; the composition and capacities of 
plants of the specialisation industries, determined from 
the solution of the problems in Stage I, for example, reflect 
the assignment for the structure of the complex’s production 


(Stages II and III). 
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Table 2.1. 


Initial Information for the Group of Models for Optimising 
the Organisation of a Territorial Industrial Complex 
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Table 2.1. (continuation) 
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Table 2.1. (continuation) 


Composition of the initial 
information 


II. Agriculture 


it 


. Composition, 


Production targets for the 
main types of farm pro- 
duce 


: Agricultural zones and 


their specialisation 


. Demand for capital in- 


vestment (including build- 
ing and construction) 
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and agricultural zones 


. Current inputs by types 
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. Demand for labour, total 


male 
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. Agricultural demand for 
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and other materials, and 
for fuel and power 
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Table 2.1. (continuation) 


Composition of the initial 
information 
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Table 2.1. (continuation) 
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Table 2.1. (continuation) 


Compesition of the initial 
information 


. Volume of traffic at Junc- 


tions and on sections of 
the transport system (of 
separate areas): incoming, 
outgoing, transit, and 
local freight 
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Table 2.1. (continuation) 
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Table 2.1. (continuation) 
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Conventional symbols: + signifies initial data taken into account 
in formulating the problem; 
— signifies that data have not been taken 
into account. 


2. Indices calculated directly at the stage of preparing 
the initial data for the concrete problem. They include 
mainly indices forming the coefficients of the matrices and 
the objective function, e.g. calculation of the inputs needed 
to build and site concrete enterprises arising from the 
local siting conditions. 
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Productive sphere. The following initial data are required 
to determine the spatial structure of the system of territo- 
rial industrial complexes: 

1. The national economy’s need for the products of the 
region’s specialisation industries: namely, the composition 
and capacities of the specialisation industries, and the 
character and scale of their external production links; the 
availability of local resources of various kind to guarantee 
operation of these plants; and data on the limit on resources 
from outside. 

2. The state of and outlook for the development of existing 
industrial facilities in the region’s economy; the scale and 
direction of their production links with newly built plants 
and the possible scale and direction of external inter-region- 
al production links. 

3. The availability and scale of the region’s natural 
resources and character of intraregional production links 
for clarifying variants of the organisation of large production 
units of the complementary industries, which it is necessary 
to built, in turn, for normal operation of the plants of 
the specialisation industries. 

4. The location of existing and possible areals of the con- 
centration of new plants of the specialisation industries 
within the economic region, and the main techno-economic 
indices reflecting the capital and current costs needed to 
build and operate the plants in one area or another, depend- 
ing on its local conditions. 

In Stage II of the investigation the initial information 
for determining the main parameters of a complex is obtain- 
ed from the solution of problems of Stage I, and is supple- 
mented and detailed from the data of the project planning 
bodies. Thus the targets for output of the main products 
of the specialisation industries are obtained from the model 
of the spatial structure of the region’s system of complexes, 
while the project studies by specialisation industries make 
it possible to make the schedule of enterprises, their project- 
ed capacities, and main techno-economic indices more 
precise (cost of production of the main products; capital 
investment on new building and reconstruction; standard 
indices of inputs of power, raw materials, supplies, and 
labour). 
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During preparation of the initial information for solving 
a given problem possible variants of the development of 
enterprises are constructed, taking account of the different 
periods for starting the building of plants and of the rate 
at which their capacities will increase. Variants of the 
development of a complex are thus also differentiated by 
production links, depending on whether local resources and 
products are used, or are brought into the complex from 
outside. 

At Stage II of the investigation the rough scale of devel- 
opment of the complementary industries is determined. 
Their probable capacities and their techno-economic indices 
are obtained from the project planning data. 

When matters of the spatial structure of a complex are 
being decided (Stage III), the interconnections of industries 
are considered in more detail (volume of freight traffic for 
raw and other materials, and finished products of the enter- 
prises of the specialisation and complementary industries), 
and also the effect of the complex’s local conditions: namely, 
the demands made by enterprises on the area (space required; 
need for water; sanitation conditions, etc.). These data are 
calculated by standard indices, taking into account the 
concrete circumstances of the location of the complex’s 
enterprises over its area. 

During the preparation of the initial information variants 
of the location of the plants of the specialisation industries 
are drawp up by sub-areals of the complex. The opportuni- 
ties for siting plants in sub-areals, and of forming industrial 
centres, depend to some extent on the availability and scale 
of local resources, the inputs on exploiting them, and the 
requirements of environment conservation. At the same 
time the variants drawn up are also differentiated by their 
intrasectoral and intersectoral production links. 

The target for volume of output by enterprises of the 
specialisation industries is obtained from the answers to 
the problem provided by the model of the spatial structure 
of the region’s system of complexes, and is decided for the 
complementary industries by the answers obtained on the 
demand of plants of the specialisation industries. The techno- 
economic indices of the inputs of raw materials, supplies, 
power, and water, and of the area needed for building plants 
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and for hygienic-sanitary zones are calculated from average 
sectoral norms and standards, taking concrete conditions 
into account, or from the data for each complex supplied 
by sectoral research project planning institutes. 

At Stage III the problem of optimising the development 
of agriculture is also solved. The initial information for 
this problem includes detailed data on the microconditions 
of each complex and data on plants processing agricultural 
raw materials, their techno-economic indices, and variants 
of their location, depending on the raw material base and 
concentration of population. 

At Stage IV the initial information on production comes 
from the answers of Stage III, and includes the output tar- 
gets of the plants of the specialisation and complementary 
industries, the main technological links between the sepa- 
rate enterprises of the industrial centre, the assignments for 
import and export of raw materials and output, the techno- 
economic indices of exploitation of the centre’s local resour- 
ces (land and water), and the numbers employed in the 
productive sphere. 

At this stage information is prepared by variants of the 
joint exploitation by the centre’s plants auxiliary and 
service industries, and of its engineering services and local 
resources. 

Natural resources, manpower, and other resources. The 
initial information characterising this group of indices is 
also presented with different degrees of itemisation at each 
stage of the investigation. 

At Stage I the data on the resources of the area, being 
considered are reflected in a summed or aggregated form. 
Mineral resources, for instance, are represented by the major 
deposits, or even basins, that need to be developed so as 
to create the region’s specialisation industries; power resources 
according to the capacity of the major generating sta- 
tions and the opportunity of obtaining power from the 
grid, and so on. The conditions for developing the area are 
reflected through inputs, differentiated by areals. 

At Stages II and III resources of raw materials, fuel 
and power are considered independently of whether they are 
located within the complex or outside it. The maximum pos- 
sible volumes of extraction of resources from local sources 


COMPOSITION OF THE INITIAL INFORMATION 99 


are defined, allowing for the reserves of minerals and the 
conditions for mining, processing, and employing them. At 
the same time, account is taken of the magnitude of the 
demand for these resources in other regions of the country. 
The limits on deliveries of resources from outside a complex 
are given by the answers of Stage I. 

The size of a complex’s labour force is limited and is 
found from the data of the statistical agencies, allowing 
for the long-term outlook of natural and mechanical growth 
of the population. At the same time the sex structure of the 
labour force is considered at Stages III and IV. This is 
necessary so as to determine the rational employment of 
men and women in the productive and non-productive 
sphere. At all stages of the problems being resolved not 
only is the need for labour taken into account, but the total 
population is also calculated for the individual taxonomic 
units through the demographic load factor, allowing for 
employment of some of the population in the infrastructure 
sectors and the non-productive sphere. 

The size of the area operates as a limitation at all stages. 
At Stage I it is the areal, which embraces several sub-areals 
for industrial and civil building; at Stage III the size of 
the concrete sub-areals for building separate industrial 
centres; at Stage IV, the size of the sectors set aside for 
industrial and civil building, i.e. the division into indust- 
rial and urban zones. 

The inputs on developing possible sub-areals are calcu- 
lated from their characteristics (size, relief, soils, availa- 
bility of water, conditions for the discharge of effluent, 
etc.): namely, the inputs on the initial cycle of building, 
surface levelling-out compensating for farmland used for 
other purposes, and so on. 

Stage IV estimates the complex’s resources which 
are to meet the needs of not only industry but also the 
non-productive sphere, the needs of which were averaged 
through coefficients at higher levels of the system. For the 
sectors of a centre, for instance, data are given on their 
location, area, configuration, conditions of exploitation, 
and so on. The total balance of the water resources of an 
areal, calculated at Stage I, is supplemented at Stage II] 
by indices of the water intake for each water source supply- 
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ing a definite sub-areal. The water consumption regimes 
arising from specific features of the technology of a certain 
plant, and the regimes for regulating the annual and sea- 
sonal flow of rivers, etc., are also considered. 

Elements of the infrastructure. The elements of the infra- 
structure include transport, power supply, the building 
industry, municipal engineering works, and the service 
industries. 

At Stage I the initial information on transport consists 
of the characteristics of the economic region’s transport 
system (namely, existing, projected, and probable sections 
of the system of all types of transport), the possibility of 
joint use of the various types of transport is also being 
assessed. During preparation of the initial information the 
indices of transport costs are also decided, i.e. the total 
inputs on carrying freight by sections of the region’s trans- 
port system and the input on capital construction by var- 
iants of reconstruction and new building. 

At Stage II, the initial information on transport reflects 
the indices of transport calls on individual complex’s 
resources, so as to determine the main parameters of its 
development. Stage III necessitates more detailed data on 
transport, because the development of the transport system 
of a separate complex is optimised at that stage. Informa- 
tion on the complex’s external transport links is taken from 
the problems of Stages I and II. During preparation of the 
information for Stage III the complex’s transport system 
is broken down into the sections between its probable 
industrial centres. Information is prepared for each section 
on its carrying capacity; the volume of actual freight in both 
directions is established, and variants for the freight flows 
within the complex are calculated, including the building of 
new sections of the transport system. 

At Stage IV the system of sidings and access lines within 
an industrial centre is assessed. The flow of commuter rides 
within the centre is determined, for which variants of the 
carrying capacity of possible access lines are calculated, 
plus variants of their technical equipping and variants of 
their freight traffic over a period of time. The time and 
normalised inputs on the labour’s commuter rides are 
calculated by variants. 
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The initial information on the supply of power to plants 

of the specialisation industries is represented at Stage I 
by indices reflecting the magnitude of the limits and direc- 
tion of the distribution of power from the region’s unified 
grid. This includes the volumes of power consumption of 
plants of the specialisation industries, and of the mandatory 
supply and inputs associated with the transmission of power 
and the building of major transmission lines. During the 
preparation of the initial information the indices of the 
use of power by plants of the specialisation industries are 
formed by variants of their connection to one power source 
or another. These indices are also taken into account at 
Stage II, when the interconnections of power sources and 
the rest of industry are allowed for through standard norms 
of power consumption by the plants of the complex’s in- 
dustry, population, and other elements of its econo- 
my. 
At Stage III the initial techno-economic information 
from project planning and research organisations is supple- 
mented by data from the optimisation solutions on possible 
power sources (arising from local needs) and their dovetailing 
with the separate industrial centres. Variants of the supply 
of power and heat to the complex’s enterprises from the 
central and local sources are drawn up on the basis of indi- 
ces of the inputs in both physical and value terms. 

The third element of the infrastructure is the building 
industry. When the production specialisation of a complex 
is being determined, the initial data describe the existing 
and possible capacities of building facilities, their needs 
for multipurpose resources, and the inputs on creating the 
industry, differentiated by the various parts of the region, 
and also the demand of the objects of planning for the 
services of the building industry. 

At Stage II and IV the building industry is considered 
in greater detail. Its capacity is determined by periods of 
the building of the complex. For that purpose variants 
are calculated for the functioning of the industry by periods 
(the volume of building and construction work), the demand 
for building materials (output of the complex’s own building 
industry plus materials brought in from outside) and the 
complex’s other resources (electric power, water, land); 
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the number of jobs in the building industry is also estab- 
lished by periods. 

The initial information on the social infrastructure for 
the model of the spatial structure of the system of complexes 
(Stage 1) is represented by the average aggregated value 
inputs on providing services for the labour force. At Stage IT 
value inputs on housing and amenities are summated by 
periods. In the model of the spatial structure of a complex 
these inputs are differentiated for its areal, depending on 
the proposed variants of the location of enterprises and 
plants, and of the population settlement. In the model 
of the spatial structure of an industrial centre, building 
and the municipal economy (power supply, district heating, 
sewerage, and so on) are considered separately. The value 
indices of the inputs on building the infrastructure are 
differentiated by the area of the centre in accordance with 
the variants of settlement (the building of one town or sever- 
al housing estates for a group of enterprises). 

At Stage V the problem of the organisation of a complex 
is resolved, for which the question of the location of comple- 
mentary industries and other facilities of the economy 
is decided at the same time as the dynamics of the develop- 
ment of the specialisation industries. Together with the 
data needed to answer the Stage II and III problems of 
a complex, more detailed consideration is given to data 
pertaining both to the inputs that the complex must allocate 
and in order to build enterprises of the specialisation and 
complementary industries and of the production and social 
infrastructure over its whole area, and of the inputs asso- 
ciated with the need to attract and settle labour and provide 
the population with farm produce. In particular, manpower 
is investigated in detail, and the employment and inter- 
changeability of male and female labour in industries 
determined. 


DIRECTIONS OF THE ANALYSIS 
OF THE SOLUTIONS OF SPATIAL 
STRUCTURE 


V. S. Zverev 


Analysis of the answers obtained on spatial structure is 
an essential stage in developing the plan for allocation 
of the productive forces of the area being studied. Its direc- 
tion is determined by the specific character of the problems 
considered, the main purpose of which is to ensure propor- 
tion between the different elements (factors) of the area’s 
economy. 

Analysis of the effect of factors on the spatial structure 
of an area’s economy as a whole, and on each other, neces- 
sitates employing, in the first place, such methods of mathe- 
matical economic analysis as analysis of the shadow prices* 
and their components obtained from the inverse matrix of 
the optimum solution. For special purposes (analysis of 
separate modes of operation of enterprises and plants, and 
facilities of the infrastructure, and of drawing on resources) 
other methods can also be used. It is possible to employ shad- 
ow prices, in particular, to substantiate the use of new 
modes of operation of facilities not taken into account during 
the solution, and how far modes not covered by the optimum 
plan are close to it. 

From the results of the analysis we can work out the 
directions of subsequent improvement of the spatial struc- 
ture of the area’s economy. 

The solutions of spatial structure are analysed in the 
following order (see Table 3.1): 

(a) general analysis of the spatial structure of the area’s 
economy; 

(b) analysis of the economy’s external connections (tar- 
gets, limits on delivery of resources, etc.); 

(c) clarification of the specific features of the location 
and operation of the individual elements (facilities) of the 
economy within an area; 

* See L. V. Kantorovich, Ekonomichesky raschet nailuchshego ispol- 


zovaniya resursov (Economic Calculation of the Optimum Use of Re- 
sources), USSR Academy of Sciences Publishers, Moscow, 1959. , 
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(d) study of the specific features of individual sites (areals, 
and parts of areals). 

General analysis of the spatial structure of an area’s 
economy helps bring out the main outlines of the plan for 
the location of the productive forces. It is done at the stage 
of formulating the problem and after obtaining the quanti- 
fied solution. 

When the problem is being formulated the possibility 
of including separate variants of the location and functioning 
of facilities ofthe economy (or of their combinations) in 
the plan is analysed, and also the possibility of employing 
separate sources of resources or all the resources of separate 
sites. 

The initial information for this analysis is presented 
in the form of a table for each site (see Table 3.2) | 


Table 3.2. 


Availability and Possible Lines of Exploitation 
of the Resources of a Site 


Magnitude of resources by Demand of facilitics 


Types of Unit of Be eee, Thee (plants, etc.) located 
local measure- LIM CuBUTCETOT within ‘the area 
resources ment - 
1 | 2 | OF | total | 1 | 2 | 
4 2 o ey | | 6 7 ol oe ies 


Area hectare 


Comparison of the quantity written in column 6 of Ta- 
ble 3.2 with the corresponding index in each of the next 
columns makes it possible to discover the facilities that can 
be located at the given location, i.e. the facilities for which 
the demand for all forms of local resources is less than their 
availability at that location. 

One must bear in mind that, with close links between 
facilities, the possibility of their joint (group) location at 
a given point is considered and their demand must be sum- 
mated, allowing for the effect of joint location. In that way 
we indicate the demand for local resources by facilities 
presented by the aggregated means. 
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When, however, there is no single facility (or combina- 
tion of facilities) that can be located at a given point, this 
point is omitted from the number of possible sites. 

Given the availability of several units that could be 
located at a point, comparison of their total demand (the 
sum of the values of columns 7, 8, etc. of Table 3.2) with 
the availability of resources by separate sources (i.e. with 
the values in columns 3, 4, and 5), arranged in order of 
magnitude of the indices of the objective function of the 
problem, makes it possible to determine which sources of 
resources can be left out of account. In that way, at this 
stage of the general analysis of the scheme of the spatial 
structure of the area’s economy, the areals (sub-areals, and 
parts of sub-areals) and the sources of resources within them 
that it is expedient to consider during the numerical solu- 
tion of the problem are delineated. . 

When the numerical solution (of the scheme of the econo- 
my’s spatial structure obtained) is being analysed we deter- 
mine the character of the area’s development, the scale of 
the resources being developed, and the conditions for imple- 
menting the given development programme of the speciali- 
sation industries, delineate the areas of compact and focal 
development and the reserve areals (sub-areals, and parts 
of sub-areals) for future development of the economy, the 
sectoral structure of production, and the specialisation of 
the different complexes (industrial centres). 


Table 3.8. 
Exploitation of the Local Resources of a Site 
Exploitation 
Types of local | {yi _| Magnitude of of resources Reserves of 
resources by Petelededs sie the resources, by located resources, 
sources by sources facilities, by sources 


by sources 


1 | 2 | 3 | k ] 5 


Note: the table is compiled for each site or point of location. 


The characteristics of the resources of the separate loca- 
tion points are given by comparison of the availability 
and exploitation of local resources (see Table 3.3). Compar- 
ison of the quantities in columns 3 and 4 of this table 
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for each location point indicates which types and sources of 
resource are in short supply or are lacking, and which still 
have reserves. The data obtained can serve as the basis for 
developing proposals for the location of a definite profile 
of production units at the points considered in the next 
stages of the development of the area’s economy. 

In the course of the general analysis of the spatial struc- 
ture of an area’s economy it is most important to compare 
the solutions of problems that differ (within certain limits) 
in the parameters of the constraints and techno-economic 
indices of the ways of building and operating the facilities, 
i.e. of the results of the variant calculations. 

It is important, for the problems of optimising the spatial 
structure of an area’s economy, to trace the effect on the 
location of the productive forces of changes in the targets 
of the specialisation industries, the limitations on use of 
the area’s resources, and indices of the objective function 
(adjusted costs). 

Comparison of the results of variant calculations that 
take into account the probabilistic character of the para- 
meters of the problem and the possible error in individual 
parameters makes it possible to delineate the stable nucleus 
(the basis of the plan) of the spatial structure of the economy 
of the area being studied. 

In the other lines of analysis the employment of special 
indices is envisaged, i.e. of shadow prices (prices of the 
optimum plan and of the dual variables), and of their com- 
ponents (the constituents of the shadow prices). Shadow 
prices represent the solution of the dual problem. And since 
the direct and dual problems are solved simultaneously 
(in one computation process), the shadow prices are obtained 
as part of this solution. Shadow prices reflect the rela- 
tionship between the constraints and the objective function 
in the direct problem and are of the same economic nature 
as the indices of the objective function. 

With changes in the problem’s constraints, when the struc- 
ture of the ways of locating and operating the facilities of 
the area’s economy that come into the optimum plan (the 
basis of the optimum plan) remains unaltered, the shadow 
prices do not change in their value. For the problems of 
spatial structure being considered, stability of the shadow 
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prices is observed within quite wide limits of changes 
in the constraints of the problem. That is so because the 
separate sources of the area’s local resources have quite 
broad possibilities of meeting additional demand for a re- 
source without altering the techno-economic indices for 
drawing on (or obtaining) it. 

Shadow prices’ property of relative stability makes it 
possible to evaluate the effect of certain changes in the 
problem’s constraints on the magnitude of the objective 
function, and to clarify the direction for adjusting the 
plan obtained. 

The constraints that in the aggregate form the problem 
of optimising the spatial structure of an area’s economy are 
varied both in structure and in their application to the 
various elements of the region’s economy (or that of a com- 
plex or industrial centre). The whole variety of these con- 
straints, however, can be reduced to a few main types, as fol- 
lows. 

1. Limitations on the rate of operation of the plants of 
the specialisation and complementary industries, and facil- 
ities of the production infrastructure (linear and point), 
and the existing facilities of the social amenities’ infrastruc- 
ture, on the employment of local labour and use of the 
local resources of individual sources, and on_ bringing 
products and resources in from outside the given area. 

The shadow prices of these limitations indicate how far 
the total input on the building and functioning of the area’s 
economy can be reduced (increased) with an increase (reduc- 
tion) in the rate of exploitation of a given production unit or 
source of resources in the accepted unit of measurement. 

Because most of the given constraints in the model take 
the form >) xz” <1 (where z” is the rate of utilisation 

reR 

of a capacity (resource) in the rth variant, and A is the 
set of the variants of the facility’s functioning, a change 
in the limitations by unity would mean exceeding the 
limits of stability of the system of shadow prices, in that 
case, therefore, the analysis employs unit shadow prices 
characterising a change in the limitations by a quite small 
value; as a rule, the unit of measurement of the product 
of the given facility serves this purpose; 
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2. The input-output conditions of production and con- 
sumption of the product, by facilities of the specialisation 
and complementary industries; the existence and utilisa- 
tion of output capacity, by units of the linear infrastruc- 
ture; the production and utilisation of output (services), 
by facilities of the point infrastructure; and the availability 
and employment of labour and local resources, by territo- 
rial units. 

The shadow prices of these conditions indicate how much 
the outlays on the building and functioning of the area’s 
economy can be increased (reduced) with an increase (reduc- 
tion) in the demand for corresponding products (services) or 
resources by unity. 

3. The targets for producing output of the specialisation 
industries or for shipping it out of the area by the different 
directions. 

The shadow prices of production targets indicate how much 
total outlays on the building and functioning of the area’s 
economy can be increased (reduced) with increase (reduc- 
tion) of the given target by unity. When these constraints 
take the form | a’ >1, then, as with the limitations, unit 

rER 
shadow prices are employed (per unit of output correspond- 
ing to the given constraint). 

The shadow prices of targets for shipping output indicate 
how the total inputs on the building and functioning of the 
area’s economy can be increased (reduced) with increase (re- 
duction) of the shipment target through the boundary point 
concerned by unity. 

A very important way of using shadow prices is to discover 
possible changes in the constraints of the problem for obtain- 
ing a more efficient structure of the area’s economy (from 
the aspect of the criterion adopted). 

This applies primarily to the constraints reflecting the 
economy’s external links; namely, the production (ship- 
ping) targets for the specialisation industries and limitations 
on the bringing of products and resources from outside 
the area. 

The value of the shadow prices indicates how far the sepa- 
rate constraints affect the magnitude of the objective func- 
tion. The greater the absolute value of the shadow prices 
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the more significant is the effect of the given constraint on 
the total of the inputs on the building and functioning of 
the area’s economy. The existence of a zero shadow price 
is evidence of the absence of any effect by the constraint 
concerned on the total of the inputs. 

Since each of the constraints corresponds to a certain type 
of output of the specialisation industries or of product 
(resource) brought in from outside, their shadow prices chag- 
acterise the relative efficiency of the separate specialisa- 
tion industries or bringing in separate types of product 
(resource), within the context of the given structure of the 
economy. Comparison of the shadow prices of the given 
constraints therefore makes it possible to discover the direc- 
tion for adjusting the parameters of the production targets 
and of the limitations on importing output (resources), 
and to work out proposals for altering the parameters of 
the operation of the industries in the problems of the preced- 
ing stages of the investigation. 

The specific features of the location and operation of the 
individual elements (facilities) of the economy of a region 
(complex, industrial centre) are manifested through the 
effect of the sectoral and intersectoral conditions and other 
factors of the area concerned on each of the elements of its 
economy. The tools for analysing this are the indices of the 
breakdown of the shadow prices of the targets, limitations, 
and input-output matrices of the production and distribu- 
tion of the product. 

When the components are comparable in absolute magni- 
tude or exceed the shadow prices (which is possible in view of 
the different signs of the components), one may conclude 
that the effect of the factors concerned on the location and 
operation of the given element of the economy (facility) 
within the area may be unstable if there are components of 
different signs substantially greater than the absolute value 
of the shadow prices or stable when the separate components 
are of the same order as the shadow prices. 

The specialisation industries are analysed by comparing the 
components of the shadow prices (the indices of columns 3 to 10 
in Table 3.4) with the shadow prices and with one another. 

The components of the shadow prices presented in Ta- 
ble 3.4 reflect the total effect of the aggregated factors. If a 
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more detailed analysis is wanted of the influence of separate 
elements of the production infrastructure, manpower, and 
local resources, and of separate industries and links on the 
location and operation of facilities, then those components 
of the shadow prices are considered that correspond to the 
ways the separate elements of the infrastructure and indus- 
tries are located and operate, and the ways resources are 
drawn on (by types) and connections realised. The values of 
the components of the shadow prices are used to establish 
not only the effect of some one factor on the location and 
functioning of facilities within the given area but also its 
relative size. For that purpose factors are ranked by the 
values of the components of the shadow prices. The factor 
with the strongest effect is taken to be that with the largest 
value of the component (in absolute terms) of the shadow 
price. 

The facilities of the complementary industries and infra- 
structure, and sources of resources call for more detailed 
analysis of their reciprocal effect on each other and of the 
effect on their development (exploitation) of the facilities 
of the specialisation industries. For that purpose the shadow 
prices of their constraints are broken down as shown in 
Table 3.5. During the analysis of each facility entered in 
column 41, the value of its shadow price (column 2) is 
compared with the respective components of the shadow 
price for the given facility (columns 6, 10, or 14) and with 
the components of this shadow price for other facilities 
(columns 3 to 5, 7 to 9, 11 to 13, and 15 to 17). Asa result, 
the relationship between the constraints of the studied facil- 
ity itself and of the other facilities of the area’s economy is 
brought out. 

In addition, the components of the shadow prices for the 
facilities concerned (columns 6, 10, and 14) are compared 
with the other components of the given prices so as to bring 
out the factors decisively affecting inclusion of the facilities 
concerned in the plan. 

Analysis of the specific features of the location and opera- 
tion of the separate elements (facilities) of the area’s econ- 
omy provides the basis for delineating the specialisation 
industries whose location and operation are mainly deter- 
mined by the intrasectoral and intersectoral connections, 
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conditions, and level of development of the infrastructure, by 
resources of various kinds, and by combinations of the fac- 
tors listed above. This can be used to draft a regional policy 
for the development of the separate specialisation industries 
of its economy. The factors determining the scale of devel- 
opment and location of the complementary industries and 
infrastructure, the exploitation of resources, and the inten- 
sity of a communications route are determined in a similar 
way, while comparison of the structures of the factors for 
these facilities makes it possible to determine whether or 
not their effect is reciprocal or unilateral. 

Study of the specific features of individual sites consists 
in establishing the effect for each of them of (a) joint use by 
several facilities of different types, sources of resources, and 
elements of the infrastructure, (b) the operational conditions 
of the infrastructure and of exploitation of resources, and (c) 
limitation of the number of sites for certain facilities of the 
specialisation industries. The following are employed in the 
analysis: components of the shadow prices of the constraints 
(the output targets for the product, the input-output ma- 
trices of its production and distribution, etc.), by facilities 
of the specialisation industries located in accordance with 
the answers for the point (site) concerned (see Table 3.6). 

The effect of locating enterprises together in one place 
can be judged by the specific weight of the index of column 3 
in Table 3.6 in the total value of the shadow prices of the 
constraints (column 2); the effect of facilities of the infra- 
structure can be gauged by the specific weight of the compo- 
nents corresponding to the variants of their functioning 
(column 5); the effect of resources—the importance of the 
components by modes of employing them (column 6). The 
effect of an industry with a limited number of possible sites 
within the area concerned is determined through the com- 
ponents corresponding to its modes in the shadow prices of 
the constraints for all other industries (column 4). The role 
of each of these factors is determined by comparing the 
corresponding components in the grand total of the shadow | 
prices of each of the constraints considered. The analysis 
permits the role of the factors mentioned in creating the 
structure of the economy of a point to be determined as 
well as the role of its separate factors. For that the sum of 
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Table 3.6. 


Structure of the Shadow Prices of the Constraints Corresponding 
to the Location of Facilities of the Specialisation Industries 
Located at a Point 


Components of the shadow prices corresponding 
to the modes 


Objects of functioning of 


and con- | Shadow 

tent of | Prices of enter- 

the con- | the con- jointly |prises with], ...,.__ |ofexploit-| of func- 

straints | Straints sited | a restrict-| facilities | ing pe- tion of 
enter- ed num- of the sources | Other fa- 
prises ber of infra- cilities 

(plants) | possible | Structure 
sites 
1 2 3 4 5 6 7 


Note: tables are compiled for each site of facilities of the speciali- 
sation industries. 


the indices of columns 3, 5, and 6 (Table 3.6) are compared 
with the value of the shadow prices (column 2) and the 
indices of columns 4 and 7. At those points for which this 
total is greater than the indices of columns 4 and 7, the 
local conditions will prove to have the greatest influence 
on specialisation of the economy. 

The results of the analysis bring out the role of the sepa- 
rate sites within the given area, their resources and condi- 
tions that are significant for the whole region (complex, indus- 
trial centre), and the main factors determining the struc- 
ture of the economies of the sites, all of which makes it 
possible to approach the creation of a plan (scheme) of 
the spatial structure of the area’s economy in a more sub- 
stantiated way. 

The solutions of the problems of spatial structure are 
analysed according to this scheme for the whole economic 
region (complex, industrial centre). To get an integral pic- 
ture of the economy of an economic region and of its separate 
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elements, it is necessary to make a joint analysis of the solu- 
tion of the problems of all three stages vertically and of 
Stages II and III horizontally (and correspondingly by com- 
plexes and industrial centres). This is done by means of 
the indices of Table 3.7. The role of each element of the econo- 
my (transport, power generation, building industry, etc.) 
in the creation of its spatial structure is brought out at all 
stages through the development conditions of the facilities 
of the specialisation industries, because they are the main 
connecting link of the area’s economy both horizontally 
and_ vertically. 


Table 3.7. 


Importance of the Components Relating to an Individual 
Element of an Area’s Economy in the Shadow Prices 

of the Constraints of the Facilities of the Specialisation 
Industries at the Various Stages of Optimising the Economy’s 
Spatial Structure 


Facilities Stage III 
penal gran EATS eget (individual industrial 
sation in- otic ' » Spey is 
dustries region) 
and con- tae /calinl Redlet Skck © | Aa la 
straints 1 | 2 | por 3 | 2 | 
4 2 3 | 4 | 5 6 7 | 8 


By comparing the indices of Table 3.7 we bring out, above 
all, the distribution of the effect of a given element 
on the structure of the area’s economy. For that the effect 
of the element is considered as regards (a) stages (region, 
complex, industrial centre) and (b) territorial industrial 
units (complexes in a region, industrial centres in a com- 
plex). During the analysis the stages are assessed at which 
the effect of the element concerned makes itself felt in the 
organising of the area’s economy, and also the extent of 
this effect. The fact and degree of this influence are deter- 
mined by comparing the indices in column 2 of Table 3.7 with 
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those of columns 3 to 5 and columns 6 to 8, and by compar- 
ing the indices of columns 3 to 5 and 6 to 8 with one another. 
Comparison of the indices of one stage of the solution (col- 
umns 3 to 5 or 6 to 8) makes it possible to analyse how far 
a given element of the economy affects the organisation of 
various territorial industrial units of the same level. 

The analysis also makes it possible to determine the effect 
of the economy’s separate elements on each other as well as 
on the location and functioning of the plants within the area. 

On the whole, the aspects of the analysis considered here 
determine the conditions and factors shaping the spatial 
structure of the economy of an economic region, complexes, 
and industrial centres. 


Part 11 SET OF MATHEMATICAL ECONOMIC 
MODELS 
OF OPTIMISING THE FORMATION 
OF A TERRITORIAL INDUSTRIAL 
COMPLEX 
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MODEL OF THE SPATIAL STRUCTURE 
OF AN ECONOMIC REGION’S SYSTEM 
OF COMPLEXES 


M.K. Bandman and V. V. Vorobyova 


1. FORMULATION AND MATHEMATICAL ECONOMIG 
MODEL OF THE PROBLEM 


The spatial structure of an economic region is determined 
after the national economic and general regional problems 
have been solved, when its place in the country’s territorial 
divisions of labour is known (i.e. the composition and scale 
of the specialisation industries), the limits established for 
resources in short supply that the region can obtain from 
outside sources, the production targets for the output of 
specialisation industries set in accordance with the local 
resources and the resources allocated to the region, and the 
industrial structure of the region as a whole has been 
defined. 

The problem is formulated as follows: to determine the 
variant of the location of facilities of the region’s specialisa- 
tion and complementary industries and of the elements of the 
inter-regional and general regional production infrastructure 
such as will minimise the total adjusted costs of the 
building and functioning of the region’s economy, with due 
allowance for the planned standard of living of the population. 

The basic territorial unit employed is the areal, and the 
main functional units of the region’s economy are the aggre- 
gated production activities or large plants of the specialisa- 
tion and complementary industries and facilities of the inter- 
regional and general regional infrastructure, trunk sections 
of the region’s transport, manpower by catchment zones of 
areals, and local resources by types and areals. 
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Production-transport links are represented by flows of 
import and export of the region’s output and by interareal 
freights. In order to take this into account, border and inte- 
rior areals are distinguished. External links in and out 
of the region are effected through border areals. 

Solution of the problem posed necessitates allowing for 
the following factors: 

(a) the region’s place in the territorial division of labour; 

(b) the specific features of the individual production 

activities; 

(c) the natural conditions and resources of the region’s 

separate areals; 

(d) the degree to which the area has been developed; 

(e) the labour supply of the separate areals, and the 

conditions for attracting and retaining labour. 
_ The effect of these factors is taken into account through 
limitations (output targets for the specialisation industries; 
limits on the possible use of different types of resource, etc.); 
technological coefficients (indices of the consumption of 
raw material, fuel, auxiliary materials, output of other 
production, and local resources); and the coefficients of 
the objective function (inputs for production by variants 
of its organisation, depending on the conditions of location, 
connections, and operation). 

The proposed formulation of the problem is formalised 
by the mathematical economic model presented below, for 
which the following notation is used. 


INDICES AND SETS 


i —product or resource index (i €/, J=I, U 
U I, U Is); 

q, —sub-set of the output of the specialisation 
industries; 

La | —sub-set of the output of complementary in- 
dustries; 

doy —sub-set of types of raw material; 

j —index of a production activity or enterprise 


GES, 7 =4, U Jo U As); 
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i; —sub-set of plants of the specialisation in- 

dustries; 

mph —sub-set of complementary production ac- 
tivities; 

Js —sub-set of raw material sources; 

k —areal index (K€ K,.K = Ky, U Ks); 

K, —sub-set of border areals; 

K, —sub-set of interior areals; 

Vv —index of the building industry (v€ Y); 

Y —set of the region’s building industry; 

@ —index of a power system (@ € ®); 

re0) —set of the power systems of the region’s 
power grid; 

m —index of a power station (mEQ, Q=Q, UQ»); 

Q, —sub-set of hydroelectric generating stations; 

Qs, —sub-set of the other power sources in a sys- 
tem; 

t —index of the working regime of the generat- 


ing and consuming elements of a power 
system (¢ = 1, 2, where 1 is the peak load 
and 2 is the basis load); 

(pq’) —index of the transmission line linking power 
systems @ and q’ (g,@’€@ and go <q’, 
(p@’) being the direct direction of the line 
and (@’@) its reverse direction; 

(kk’) —index of a section of the trunk transport 
system linking neighbouring areals k and 
k' (k, k' € K and k ~k’, (kk’) being the 
direct direction of the section and (k’k) its 
return direction); 

z —index of a variant of the operation of produc- 
tion units or of the exploitation of 
resources. .:(7.6./h, fh. |i Aol ee): 

R, —sub-set of the variants of the creation and 
functioning of the building facilities; 

—sub-set of the variants of the development 
and functioning of the sections of the 
trunk transport system; 
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R3; —sub-set of the variant of the exploitation of 
water sources in an areal. 

In order to formalise the links of areals with power sys- 

tems and the building industry, the set of all areals is 


represented in the first case as K= UJ K oa and in the 
~E@ 
other as K = | Ky where K, is the sub-set of areals united 
VEY 


in a single power system ~, and K, is the sub-set of areals 
served by a single construction firm v. 


COEFFICIENTS OF THE MATRIX 


Aijr —output volume of product i of plant j in 
areal k; 

Bi ip —volume of consumption of product i by 
plant j in areal k; 

fit —index of the electrical capacity needed for 
plant j under operation conditions ¢; 

P; (Pj) —total (basis) power needed for operation of 
plant j; 

II jp, —volume of building and assembly work need- 
ed to build plant j in areal k; 

1 —manpower needed to operate plant j; 

S; —land needed for plant j; 

Wj —water resources needed for operation of 
plant j; 

Py —volume of building and assembly work per- 


formed by firm v under variant r of its 
operation, r€ Ry; 


a —unit coefficient of power capacity used for 
building and assembly work; 

3 —unit coefficient of power consumption for 
building work; 

Vig —unit labour intensiveness of building and 
construction in areal k; : 

s —unit expenditure of land on creating the 


building industry; 


Ilan) 


ve (hh’) 


fier’yt 
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—unit coefficient of the public’s generating 
capacity; 

—unit coefficient of the public’s consumption 
of electricity; 

—unit coefficient of the utilisation of build- 
ing work to provide services for the popula- 
tion in areal k; 

—unit use of land: to provide services for the 
population; 

—unit coefficient of the public’s consumption 
of water; 

—coefficient of the ratio of population to the 
number of workers employed in the produc- 
tion activities and infrastructure being con- 
sidered; 

—operation capacity of section (kk’) under 
variant r of its operation, r€ R,; 

—manpower needed to ensure variant r of the 
operation of section (kk’) of the trunk trans- 
port system; 

—index of the electric power needed to operate 
section (kk’) of the trunk transport system 
under variant r with regime ¢ of power 
consumption; 


Dan’) (Arny2) —amount of total (base) load needed to operate 


section (kk’) of the trunk transport system 
under variant 7; 


—water supply, given variant r of exploitation 
of the water sources of areal k; 

—unit transmission loss of power in transmis- 
sion line gq’; | 

—annual number of consumption hours of 
electric power, generated by a power source; 

—coefficient of the ratio of peak and base 
generating loads for new hydroelectric sta- 
tions, m €Q,; 

—coefficient of the current-carrying capacity 


of a transmission line in terms of capacity 
and electric power. 
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te 


CONSTRAINTS 

Bip —target for shipping product i out of the 
region from areal k (i€1,, k € K,); 

din —maximum possible volume of deliveries of 


product (resource) i from outside the region 
to areal k (i € 7, U Iz, k € K,); 


vad —numbers of local manpower in the catch- 
ment zone of areal k; 

Sp —area of land resources in areal k; 

DY ig —maximum possible generating capacity of 
power station m in power system @ (m € Q,); 

M ino —maximum possible generation of electricity 
by power station min power system @(mEQ,); 

IN 13 —maximum possible capacity of transmission 

198 line @q’; 

ME —maximum possible carrying capacity of 
transmission line @q’; 

N, —power capacity needed for production and 


infrastructure facilities not included in the 
model under regime t of power consumption; 


E —hbase power load needed for production and 
infrastructure facilities not included in the 
model; 

No —power capacity needed for production and 


infrastructure facilities not included in the 
model, and located in power system @; 

. —total power needed for production and 
infrastructure facilities not included in the 
model, located in @ power system; 


Ton’), Ugeeny) —volume of transit traffic on sections (kk’) 
and (k’k). 


INDICES OF THE OBJECTIVE FUNCTION 


Cin —normalised inputs on building and operating 
plant j in areal k; 
Cix —unit normalised input on producing out- 


put i outside the region and transporting 
it to areal k (i € 7, U Is, k € Ky); 
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“Era hwo plies —unit normalised input on transporting prod- 
uct i from areal k to areal k’ and from 
areal k’ to areal k; 


Co. —unit normalised inputs on the work of 
building firm v in areal k; 

ct, —normalised inputs to create and operate 
building firm v under variant r (r € R,); 

Ch —unit normalised inputs on drawing local 


labour into production and providing it 
with services in areal k; 


Ch —unit normalised inputs on attracting labour 
to areal k, settling it there, and providing 
it with services; 

CCak*) —normalised inputs on providing for variant 

r of the development and operation of sec- 

tion (kk’) of the transport system (r € R,); 

Cmot —unit normalised inputs on building and 
operating the capacity of power station m 
in power system @, to meet regime ¢ of power 


) consumption; 

c —unit inputs on extra supplies of electric 
power by transmission lines; 

c —unit inputs of the transmission of electricity 
by transmission lines; 

Coq") —unit normalised inputs on building a new 
high-voltage transmission line (@q’); 

ane —unit normalised inputs on developing the 
land resources of areal k& for industrial 

purposes; 

a —unit normalised inputs on developing the 
land resources of areal k for civil engineering; 

cr —unit normalised inputs on supplying water 
to the production facilities in areal k; 

Ch —unit normalised inputs on supplying water 
for the public in areal k; 

eval —normalised inputs on providing areal k with 


water by variant r for the exploitation of 
water resources (r € R3). 


MODEL OF THE SPATIAL STRUCTURE 425 


UNKNOWNS 
Z jp —intensity of production activity j in areal k; 
Lin —volume of deliveries of product (resource) i 


from outside the region to areal k (i € 
El, U Is, k € K,); 


Linh’, Tinth —VOlume of deliveries of product i from areal 
k to areal k’, and vice versa; 

2yh —volume of building work performed by 
firm v in areal k; 

By —rate of operation of building firm v by 
variant r; 

Dy —numbers of local manpower drawn into pro- 

a duction in areal k; 

as —numbers of manpower attracted to areal k 
for production needs; 

Zhh’ —rate of variant r of the operation of section 
kk’ of the interareal transport network; 

Y das —capacity of power station m of power sys- 
tem g to meet power consumption re- 
gime f; 

Voo'r Vero —Volume of the total transmission of power 


supplied from system @ to system @’, and 
vice versa; 
—volume of the total transmission of electricity 


Uggs Yo’ 1 
supplied from system @ to system @’, and 
vice versa; 

ee, —capacity of transmission line gq’; 

aes —land used for industrial development in 
areal k; 

uy —land used for civil construction in areal k; 

Up —quantity of water needed for industrial 
purposes in areal k; 

iy —quantity of water needed by the popula- 
tion in areal k; 

Uh —rate of utilisation of water sources in areal k 


under variant r (r € Rs). 
The mathematical model of the problem of the spatial 
structure of an economic region’s system of complexes is as 
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follows: namely, find the non-negative values of the variables 
pas as an bee f fia 
Ljky Liky Likh’> Vik'hs 2vk» 2v. Lk» Lhy ZRR’» Vecaght> Y oats Vigres 


Ue aT | Cons wind ull’ u,, us, that satisfy the 
following constraints. 

The targets for shipping output of the specialisation indus- 
tries out of the region must be met by areals through which 
external connections are effected: 


>) Aj jpXjn— >) Byjitin "+ > fie — Di tw = By, 
JEI4 } j hk’ kh! 
with i€IgUI3 
(i€I,, kEK,). (4.1) 
For interior areals the input-output matrices of the produc- 


tion and distribution of output turned out by the facilities 
of the specialisation industries must be balanced: 


ps Aj jr jn — Dy Bi jrt jn >) Tinh — >) Cinn = 0 
jES4 ; J hk’ k’ 
with i€IgUI3 ; 
(iE 1,, hE Ky). (4.2) 
For areals through which external connections are effected 


the input-output matrices for the production and distribu- 


tion of output of the complementary industries must be 
balanced: 


Dy Aiptjn— > Bi jpt jn + 
JEJ2,J73 j 
with #e€4UJo 
or i€l1UI3 
=e pa Linen — 2 Linke + Xin = 0 
((€L,UL3, KEK). (4.3) 


For interior areals the input-output matrices of the 
_. production and distribution of output of the complementary 
industries must be balanced: 


es \ 
ae A; jnX jn — ») Bip tint » Likth — pa Link =0 
2.43 J 7 
with i€I;UIo 
or i€liUI3 


((€L,UTs, KE Ko). (4.4) 


_ The volume of deliveries of products of the complementary 
industries from outside the region must not exceed the 
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established limits: 


Lip <Kdin (tC L,U Ts, KE Ky). (4.5) 


For facilities concerned with producing raw materials, 
the rate of operation must not exceed the maximum possible 
capacity: 

ct eda REA Y (4.6) 


The demand for building work in each areal must be satisfied: 
pa Zyp — >) [jn jn—YPr(te+2p)l20. (KEK). (47) 

J 
The choice of operation variant for each building industry 


is determined in accordance with the volume of work to be 
done: 


Pi Pyne iat eit a ah (4.8) 


re k€Ky 


Only one variant can be chosen for the development of 
each building industry: 
Nees . par: 0 
Clive With 2) = (VEY). (4.9) 
reRy, ‘] 
The capacity of each section of the interareal transport 
system must be adequate to carry the intraregional and 
transit freight traffic: 


pa Ten )2ak'y yp inn’ any, ((for-alli(kk')) (4.40) 
refs a 
pa Tnn'y2¢en’)— dy Ginn Mrny (for all (A'k)) (4.44) 
Tr 2 v 


Only one variant can be selected for the development of 
each section of the interareal transport system: 


0 
>) ay <1 with Zon | , (for all (lek’)) (4.42) 
TER 


The conditions for providing labour for the industries’ 
trunk transport system, and building industry of each areal 
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must be met: 
p+ Zp— > E jt — pa E yawn 
A} 
— Y Pannziann 0 (bE K). (4.13) 
k’, reRg 


In any areal the local labour involved in production must 
not exceed the numbers available: 


Eee Te (ROK. (4.14) 


Production facilities and the building industry must be 
provided with land, in whatever areal they are located: 


Up — >} SjZj,—S Di evn 0 (kEK). (4.15) 
fl 


The demand for land for civil construction must be met 
in each areal: 


un’ —Sy(z,+%,)20 (kEK). (4.16) 


The amount of land employed in each areal for industrial 
and civil construction must not exceed the amount avail- 
able: 


uit Pugl’ < Sa(k GiK). (4.17) 


Industry must be provided with water in whatever areal 
it is located: 


Up— >) Wytjzx<0 (KER). (4.18) 
J 


The condition of providing water for the population must 
be satisfied in each areal: 


Un— Wy (t,-+%,) 0 (kER). (4.19) 


The choice of variant for consumption of water is deter- 
mined in each areal in accordance with the demand of indus- 
try and of the population: 


D Wh, — Up ln 0 | re RL. (4.20) 


TER3 
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For each areal there can be only one variant for its water 
supplies: 


= Ona4 
SS u—eawith =| { (KEK, r€R;). (4.21) 


r€R3 


_ The region’s power grid must observe the annual load 
schedules for power both peak and base loads: 


> >) Vnvt— 22 1 eh fitTjn rs 


meQ QED 


— >>) aap G=T92). 7 27(4.22) 


(RR’) r€Re 


The size of the bases’ load generated in the region’s grid 
must be determined in accordance with the demand of both 
the optimised and the unconsidered facilities of industry 
and the infrastructure: 


ya pe h VV mot — wae a D jin — 
ae ped j€J REK 
— ST >) Inn’ 22(hh! yk (with t==2)t (4.23) 


(kk’ ) rey 


The capacities of the consuming and generating facilities 
of each power system in the region’s grid must correspond, 
with due account of the system’s links with the other 
systems of the grid: 


Vem ZY Dew — ZY Dhaai 


TREK ¢ 
~—7 >) Dd) evn— fy 2 (zp -+ 2p) + 
V REK ReEKo 
at 2 Verg— a Veo" V oo =? (pE®). (4.24) 


The total amount of electricity generated for each power 
system must be determined in accordance with the demand 
of both the optimised and the unconsidered facilities of 
industry and the infrastructure, the system’s links with 


9—0375 
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other systems taking into account: 


a SN) SH aS! GN r 
> » AWmot— 2 > D jX jp = ; 2 Jnk)Zkk! — 
meQ t JET heKg (RR’) r€Re 
wh NI <Q) = 
—9 >| di Zyn—Iy 2h (t2+2%) + 
V REKg kR€Kp 
ar » Upp — pa Vop'Ugg 2Eg (PE). (4.25) 
Q’ , 


The capacity of each high voltage transmission line must 
be adequate for the possible extra supplies of current along it: 


Kou Veto Uso SNe), (for! pachipairisss’ yn usi(4:26) 


The current-carrying capacity of transmission lines must 
be sufficient to ensure possible transmissions of extra cur- 
rent along them: 


Ugg’ Ugo — WU gq <M gq) (for each pair gg’). (4.27) 


The total capacity of each hydroelectric station must 
not exceed its maximum possible capacity: 


SV inot<Nmo (for all @ with mEQ,). (4.28) 
t 


The maximum total of electricity generated by each 
hydroelectric station must not exceed its maximum possible 
generation: 


Sh mst < Ming (for all @ with m€Q,). (4.29) 


For each new hydroelectric station the established ratio 
of peak and base load generation must be observed: 


Vingi— mV mp2 <9 = (for all p with m€Q,). (4.30) 


The aggregate inputs on building and operating all produc- 
tion activities considered, on the transport of output within 
the region and out of it, the development of sections of the 
interareal trunk transport system, the building and oper- 
ation of power stations, the building of transmission lines, 
and the creation and functioning of the building industry, 
on providing services for the local and incoming popula- 
tion, on developing the area under industrial and civil 
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construction, and on providing industry and the public 
with water must be minimised: 


p> » jn X jn + SoD) Cntin + 
€J keK 


i€IoUI3 kek 
+22 rl Cikh’ Link’ + pa De Cina Zinrh-b >) ye % CynZvp + 
VEY h€Ry 
pitt 2a! 3 Batu ts eaten, de Cr&p us pa ye tan »Zhk? + 
+22) 2 dye CmotV mot + (3 Voor + oh Vero) + 


+e ( 2 Mee" +> a Ug" ‘@) a Pa any oo’ + Sep 


+ ie chug + Dyce + Dt ChUn+ >) dy ch Up = min. 
r€R3 k€K 
(4.34) 


2. THE ECONOMIC SENSE OF THE MODEL’S 
CONSTRAINTS 


The model proposed makes it possible to allow for the differ- 
ent character of the functioning and reciprocal connections 
of the facilities of the specialisation and complementary 
industries and elements of the inter-regional and general 
regional production infrastructure. The main conditions 
determining the choice of optimum variant of the solution 
in the computations are constraints (4.1) to (4.4) inclusive, 
which formalise the requirement of meeting the output 
targets of the specialisation industries (the main aim of the 
region) and the technological links taken into account in 
the problem of production activities. 

The indices of inter-regional connections (export of 
finished products from the region; assignments for the 
routes and import of raw materials and the output of comple- 
mentary industries) have a substantial effect on the location 
of new plants in the region, which is reflected in the model 
by constraints (4.1), (4.3), and (4.5) for border areals. The 
effect of inter-regional links is taken into account for inte- 
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rior areals through the variables for interareal exchange of 


output and raw materials x;,,/ and x;,-, [constraints (4.2) 
and (4.4)]. 

The distinguishing between border and interior areals is 
a specific feature of the model at this level. It is necessary 
for a more correct choice of variant for the functioning of 
the trunk transport system in accordance with the location 
plan for new production activities. 

In addition, constraint (4.5) makes it possible to bring 
out the effectiveness of building complementary industries 
in the region and utilising local raw material resources. 

Location models, as a rule, include constraints on the 
capacity of the production facilities. In contrast to them, 
the model proposed here includes such limitations only for 
facilities concerned with extracting raw materials, whose 
development depends on the technological possibilities 
[constraint (4.6)]. It is not expedient to limit the concentra- 
tion of the capacities of the production activities of the spe- 
cialisation and complementary industries, because the 
choice of areal for their location is solved in the problem, 
and not the choice of specific sub-areal (and given scale). 

The formulation of the problem for defining the spatial 
structure of an economic region’s economy also presupposes 
optimisation of industrial-transport connections. The density 
and configuration of the transport system, its technical 
equipping, and the volume and directions of the freight 
traffic through the region are taken into account in the 
model. Transport is represented in two aspects: namely, 
(a) by variants of the carrying capacity of each section 
Icke), and (b) by the possible freights of output of the opti- 
mised production activities on each section. It should be 
noted that the inclusion of independent variables for the 
interareal exchange of output makes it possible to avoid 
giving the modes of operation of plants that differ in their 
connections with suppliers of raw materials and other sup- 
plies. In addition, the transport routes for delivery of raw 
materials and output to the areal of consumption are not 
fixed before the problem is solved. This is not only expedient 
in the case in which we have to deal with a complex configu- 
ration of the region’s transport system. Such a formalisation 
allows us to obtain fuller information for analysing the 
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scheme built up in the optimum plan for providing in- 
dustry with raw materials and other supplies. 

The effect of the transport factor on the choice of scheme 
for the location of industry and the shaping of the trans- 
port system in accordance with the location of production 
facilities within the region are taken into account in the 
model through the system constraints (4.9) to (4.12) inclu- 
sive. 

Since the volume of transit freight is given, the choice of 
variant of the carrying capacity of a section will mainly 


be determined by the variables z;;,,, and z;;-,, which are 
included in the optimum plan [constraints (4.10) and (4.11)]. 

The inequality (4.12) reflects the technical conditions of 
the functioning of a transport section by variants of its 
development. 

The provision of labour for new production activities 
in an areal, and the inputs connected with attracting labour 
and providing services for it, have a big effect on the loca- 
tion of these activities. These factors are reflected in the 
model through constraints (4.13) and (4.14). Constraint 
(4.13) allows us to compare areals by the inputs connected 
with the functioning of plants as regards supplying them 
with labour. The left-hand side of the constraint formulates 
the areal’s demand for labour in relation to the production 
activities located in it, the volume of transport work, and 
the volume of building. The demand for labour in the service 
industries and in the farming areas around towns is not 
explicitly reflected in the model. It is taken into account 
through the inputs on attracting labour and_ providing 
services for the population. 

Analysis of the function designators with the variables 
x, and 2; indicates that the areal’s demand will be primarily 
satisfied, in accordance with the criterion adopted, from 
local reserves. This means that constraints (4.13) and 
(4.14) could be amalgamated by excluding (4.14) and sub- 
stituting 7% for the right-hand side of constraint (4.13). But 
the inclusion of independent variables for extra labour pools 
in the model is due to the need to allow for differentiation of 
the inputs connected with drawing local manpower into 
production in the various areals of the region. 
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The effectiveness of the location of new production activi- 
ties by areals of the region is substantially determined by 
the availability of areas suitable for industrial and civil 
building, and also by the inputs on preparing these areas 
in accordance with the purpose for which they will be used, 
for which it is necessary to evaluate the withdrawal of 
land suitable for farming. In that case farming costs may 
be raised in the areal through a shift to poorer land, involv- 
ing a reduction of inputs on building industrial facilities 
or vice versa. A similar situation arises when land is allocat- 
ed for industrial or civil building. These factors are taken 
into account in the model through the system of constraints 
(4.15) to (4.17). 

Water resources are reflected in the model by the consump- 
tion both of industry and the public and by the variants 
for supplying the areal. The provision of water for an areal 
is taken into account before the problem for the formulation 
of variants of water supply is resolved. 

The principle of including water resources in the model 
[constraints (4.18) to (4.21)] is the same as for land. The 
allocation of water between industries and the population 
is taken into account through inequalities (4.18) and (4.19). 
The introduction of two types of constraint into the model 
is due to the differentiation of inputs on water supply ac- 
cording to the purpose for which the water is to be used. 

When there is an increase in total consumption of water 
in an areal (uw; + u,), inequality (4.20) makes it possible 
to decide whether to choose the next variant of water sup- 
ply with an increase in outlays or to shift such-and-such 
a production activity to other areals. In this way inequali- 
ties (4.18) to (4.20) reflect both the competition of water 
consumers within an areal and the competition of areals 
according to the conditions of supply. 

The choice of variant of the scheme for locating produc- 
tion activities is greatly affected by the inputs on build- 
ing work carried out in different areals by different build- 
ing organisations. The building industry is considered in the 
model in two aspects: namely, by the capacity of the firms 
and by the demands on their capacity by areals of the region. 

The capacities of the building industry needed to meet 
the demand of industry and of the population for building 
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work are determined in each areal through constraint (4.7), 
in which the competition between areals for use of the build- 
ing industry’s capacities (z,,) is allowed for, as well as the 
competition between consumers in an areal (z;,, z,, and Lp). 
In that connection variants for development of the capacity 
of each building depot are provided for in the model (con- 
straints 4.8 and 4.9). 

The power factor has a big effect on the location of indus- 
try in a region. The interconnections of the optimised pro- 
duction activities and the generating facilities of the regional 
grid are provided for in the model by the system of inequal- 
ities (4.22) to (4.25). Their inclusion is necessitated by the 
need not only to allow for the effect of the power factor on 
the location of new plants (especially of power-intensive 
production activities), but also to make a correct choice of 
variant for functioning of the power grid in accordance with 
the volume and pattern of power consumption in the system. 
The introduction of two types of balance (by capacity and 
by electricity) is associated with the need to determine the 
operating conditions of power stations from the standpoint 
both of the individual power systems and of the regional 
grid. Constraints (4.22) and (4.23) are used to allow for the 
direct and feedback connections between the functioning 
of the grid and the location of new production activities 
within the region. 

The model considers possible variants of operation for 
each power station, differing according to the annual number 
of hours its capacity is utilised. The formulation of the 
problem presupposes that any combination of given variants 
for each station can be included in the optimum plan. 
The operation regimes of power stations are thus determined 
indirectly, in the solution of the problem, according to the 
consumers envisaged. Constraints of the type of (4.30) are 
included in the model for new hydroelectric stations; these 
ensure meeting the ratio between the generation of peak and 
hase loads, which is needed so as to formulate the full inputs 
on new stations correctly in the objective function of the 
linear model. 

The functioning of the whole aggregate of generating 
facilities as a single power system is ensured by the existence 
of a transmission grid, which is reflected in the model by 
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the system of inequalities (4.26) and (4.27). This makes it 
possible to allow for the reciprocal effect of the location 
of the whole aggregate of generating facilities and consumers. 

The extent of the provision of each power system with 
its own power is checked: by means of constraints. (4:24) 
and (4.25) in the-case of new production activities being 
sited in its area; the size of the shortfall of power in: the 
system and the means of covering it are also determined by 
these constraints. 

Thus the effect: of the main factors on siete the ane 
of the region’s spatial structure is taken into account. di- 
rectly through the system of inequalities (4.1) to (4.30) 
inclusive, and through the indices of the criterion of optima- 
lity, (4,314). 

The model adduced ing was employed: to solve problems 
for Krasnoyarsk Territory and Irkutsk Region. The solutions 
pursued practical ends and were provided with sufficiently 
detailed data enabling the model to be employed without 
alterations or assumptions. The results of the computations 
indicated the usefulness of employing this model to optimise 
the spatial structure of a system of territorial industrial 
complexes. 


5 


. MODEL FOR FORECASTING THE MAIN 
PARAMETERS OF A COMPLEX 


N. I. Larina 


1. FORMULATION AND MATHEMATICAL 
ECONOMIC MODEL OF THE PROBLEM 


The problem of optimising the main parameters of an individ- 
ual territorial industrial complex consists in determining 
the balanced variant of the development of the facilities of the 
specialisation and complementary industries and production and 
social infrastructure that will require the minimum input of 
scarce national resources. In this problem attention is mainly 
concentrated on allowing for the time factor and proportion- 
ality in the development of the interconnected elements 
of the complex’s economy. 

To solve the problem we propose using a pointwise linear 
model describing the intracomplex conditions of production 
and distribution of output (resources) in each of the intervals 
of the plan period considered. The model’s structure depends 
on the hierarchy adopted of the economic problems of long- 
term territorial-industrial planning, the sequence taken for 
their solution, and the types of model used. 

As has already been indicated in Part I, the composition 
of the specialisation industries of each of a region’s com- 
plexes, and their scale of development at the end of the plan 
period, are found from computations made with the model 
of the spatial structure of the economic region’s system of 
complexes. In the following stage variants are selected for 
building enterprises of the specialisation industries that 
will be effective from the standpoint of the complex. At 
the same time the total demand for capital investment and 
manpower, and their allocation among the elements of the 
economy in different periods, are made more precise for the 
whole plan period. 

The main objects of the investigation are the specialisa- 
tion industries, complementary production activities, the 
production and social infrastructure, manpower, and natu- 
ral resources. 

The specialisation industries are represented by separate 
enterprises (existing, building, and projected), their scale 
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of development at the end of the plan period being given. 
Variants of their development are differentiated by dura- 
tion, the time of the beginning and completion of building, 
and the rate of building up their capacity. 

In order to analyse all possible trends of employing scarce 
economic resources, the model considers variants of the 
development of the specialisation and complementary 
industries and of the infrastructure, which are also differ- 
entiated by indices of their labour and capital intensiveness. 
The variants are formulated so that choice of any one of 
them, or of a linear combination of several, will ensure 
fulfilment of the production targets for output of the spe- 
cialisation industries. 

The scale of development of complementary industries 
and of the infrastructure depends on the intracomplex de- 
mand for their products (services) and is determined in the 
course of the solution. If demand for their output has not 
declined by the end of the plan period, the growth of capac- 
ity can be indicated through variants of the growth of 
output by periods. This form of notation, however, will 
not work for transport and the building industry. The con- 
ditions of the development of transport cannot be reflected 
in a pointwise model. The development conditions of the 
building industry, on the contrary, must be indicated in 
more detail, since the dynamics of its formation and use 
of its capacity depends on various factors. 

Under the formulation of the problem adopted the build- 
ing of enterprises of the specialisation industries must be 
completed by the end of the plan period; the intracomplex 
demand for building work will consequently decrease after 
completion of their construction. In that case the dynamics 
of the use of the building industry’s capacity can be reflected 
through the volume of building work in the separate periods, 
while the dynamics of the formation of its capacity can be 
represented through the dynamics of the capital investment 
needed to increase fixed productive assets (to calculate 
which the reserves and life of previously built capacities 
are employed). 

There is no need for a different way of fixing the conditions 
of development of the complementary industries and infra- 
structure (except the building industry) in the model, 
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because the degree of aggregation of the indices of output 
(services) and exploitation of resources for them is the same 
at this stage of the investigation. It follows from the target 
distribution of output and services within a complex, howe- 
ver, that a group of complementary industries and sectors 
of the infrastructure must be singled out, whose scale of 
development depends on the size of the population and the 
indices of living standards adopted. The rate at which the 
capacities of this group of industries and sectors are created 
is indicated separately. 

The size of the population is determined by periods, tak- 
ing the influx of labour into account. The possible influx 
of labour, however, is limited and must not exceed the 
values obtained from the model of the spatial structure of 
the system of complexes. By supposing that arriving specia- 
lists remain in the complex, we can indicate the rate of de- 
mand for imported labour through the indices of the numerical 
growth of manpower by periods. The possible exodus of 
population is not considered in the model, and the numeri- 
cal size of manpower reserves is determined by separate 
periods. The optimality criterion is the requirement of 
minimising the current and capital costs needed to meet 
the targets for building enterprises of the specialisation 
industries, given proportional development of all elements 
of the complex’s economy. 

The rate of building enterprises of the specialisation and 
complementary industries and_ infrastructure and_ the 
rate and scale of exploitation of scarce resources depend on 
the previously established structure of the complex’s econo- 
my and the scale of possible exploitation of local natural 
resources. These factors are taken into account when the 
vector of the model’s constraints is being formulated. 

The following notation is employed in the mathematica] 
writing of the model. 


INDICES AND SETS 


| —indices of the enterprises (plants) of the 
specialisation industries (i, j € J,); 
I, —set of enterprises considered; 
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Pp, v —indices of the complementary production 
activities and of the infrastructure (p € I,, 
v € Is); : é 

I, —the group of complementary industries and 


sectors of the infrastructure serving in- 
dustry and the publiic; 


igs —the group of complementary industries and 
sectors of the infrastructure serving the 
public; 
i¢ —variant of the development of an enterprise 


(plant, sector) (r € Rj, rE Rp, rT € Ry); 


R; —set of development variants for enterprise j; 

Rs —set of development variants for production 
activity p; 

Ris —set of development variants for production 
activity v; 

t, @ —indices of the intervals of the plan period 
reviewed (pif P27 MSO By aye 

1S —hbuilding time- 129; in production activity p 
for variant r of its development; 

Aine —hbuilding time-lag in production activity v 
for variant r of its development; 

ny —time-lag in building. 


TECHNOLOGICAL COEFFICIENTS OF THE MATRIX 


ie —volume of output of product i by enter- 
prise i in period ¢ with development 
variant 1; 

Au —volume of consumption of product i by 
enterprise j in period ¢ with development 
variant fr; 

A. —volume of consumption of product p by 
enterprise j in period ¢ with development 
variant 1; 

Fy —volume of building work on enterprise j in 


period ¢ with development variant 71; 


tr 
LD; 


in 
Qin 


bs 
App? 


tr 
Pp 


tr 
ly 
tr 


Qiv 


tr 
QApv 


tr 
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—enterprise j’s demand for labour in period ¢ 
with development variant r; 


—unit input of product i in the output of 
product (service) p in period ¢ with produc- 
tion development variant 1; 


—unit input: of product p in the output of 
product (service) p’ in period ¢ with produc- 
tion development variant 7’; 


—volume of building work in the unit capital 
costs of period ¢ allocated to ensure growth 
of output in period (¢ + A,,) with develop- 
ment variant r of production activity p; 


—unit input of labour in period ¢ under devel- 
opment variant r of production activity p; 


—unit input of product i for output of product 
(service) v in period ¢ under development 
variant r of production activity v. 


—unit input of product (service) p in the out- 
put of product (service) v in period ¢ under 
development variant r of production ac- 
tivity v; 7 

—volume of building work in the unit capi- 
tal costs of period ¢ allocated to ensure 
growth of output in period (¢ + A,,) under 
development variant r of production ac- 
tivity v; 

—unit input of labour in period ¢ under devel- 
opment variant r of production activity v; 


—unit input of product iin period ¢ for build- 
ing in the complex; 

—unit input of product (service) p in period ¢ 
for building in the complex; 

—proportion of building work to develop the 
building industry in the capital investments 
of period 7; 
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dv —index of the building work in period ¢ensured 
by assets of the building industry on which 
capital investments were made in period q; 


if —unit labour intensity of building work in 
period 7; 

v; —norm for consumption of product i in time ¢ 
per 1000 inhabitants of the complex; 

yi —norm for consumption of product (service) 
v in period ¢ per 1000 inhabitants of the 
complex; 

Vo —consumption norm of product (service) p 
in period ¢ per 1000 inhabitants of the 
complex; 

a! —forecast (estimated) average size of families 


in period 2; 
xt? —rate of growth of the labour force in period 


¢t compared with period g, taking natural 
growth of the population into account. 


CONSTRAINTS 

bi —demand of the complex’s existing in- 
dustries for product i in period 7; 

bi, —demand of existing industries for product 
(service) p in period ¢; 

bi, —demand of existing industries for product 
(service) v in period 2; 

Ft —demand of existing industries for building 
work in period 1; 

@! —volume of building work in period ¢ carried 


out with assets of the building industry 
made available in the pre-plan period; 


bs —local labour reserves in period 7; 
H' —size of the local population in period ¢; 
V —size of the permissible influx of labour for 


the whole plan period; 
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bi —maximum possible output of production 
activity p in period ¢. 


FUNCTION DESIGNATORS 


Ui —total value of discounted costs of build- 
ing and operating enterprise j (ignoring 
inputs on the products and services of com- 
lpementary industries and sectors of the 
infrastructure), under variant 7; 


Cor —discounted unit current inputs on output 
of goods (services) of industrial activity p in 
period ¢ under variant r of the scale of 
growth of production capacity in period 9; 

—discounted unit capital investments of pe- 
riod (~ — A,,) to ensure growth of output - 
(services) of production activity p in period 
~@ under variant 7; 

Cor —discounted unit current costs of output 
of goods (services) of production activity v 
in period ¢ under variant r within the scale 
of growth of production capacity in period q; 

qe eee —discounted unit capital investments in 
period (@ — A,,) to ensure growth of output 
of production activity v under variant r 


in period 9; 

o® —discount rate of capital investments of 
period @q; 

s? —discounted capital investments to provide 


services for 1000 persons in period 4q. 


UNKNOWNS 


Lily —rate of development i of enterprise j of a 
specialisation industry by variant r; 


De —growth of output (services) in period @ under 
variant r for the development of production 
activity p; 
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ys; —growth of output (services) in period @ under 
variant r for the development of produc- 
tion activity Vv; 


yo —volume of building work in the complex in 
period ¢; 

ke —capital investment in period @ on develop- 
ing the building industry; 

ht —population of the complex in period 7; 

ve —demand for incoming labour in period 9g; 

w' —labour reserves not employed in period f¢. 


The model is written mathematically in the notation 
adopted, as follows: 


pHing of i> Ope > =>" Oyo te10,lygiizerd; y’ 2 0, 20, 
ve > 0, vw? > 0, w'S0, such as satisfy the constraints 
hare below. 

For each of the periods considered the following input- 
output matrices of the production and distribution of output 
(services) are complied with: 

(a) for specialisation industries 

t 
> Aix; — ys » Ajja5 — >) » ip 2 Yor — 
r€R; TES. 4 TER; pela r€Ry 
t 
— >) Max pai y®, — uty’ — ytht >t 


VEl3 rE R,, 
(G@EL;, t=1, 5s fish) (5.1) 


(b) for complementary industries and the infrastructure 


dy DY, dy dy Anjet— 


reR, g=1 jel rR, 
: t 
mas tre S) 
DL Sy Dee — DD ae, 2 
Pp "ELON pt" Ep o=—1 vel3 reR g=1 


Hip = py OM (PORT); (5.2) 


1 Dyas (ely tt PD). 63) 


reR, p=1 
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For each of the periods considered the complex’s total 
demand for building work is determined: 


y'— dy D Feaj— 2) Dd) toys er — 


geht reR; pel2 TERY 


= in Sh ultdiy wo Tube cable olds launrae tia; AbD 


VEIs reR,, 


Development of the building industry depends on the 
possible volume of building work by periods: 


f 
pay ae ee Oar ee Ty: (5.5) 


The following manpower balances are complied with for 
each of the periods considered: 


if 
DD L7+ DDD yet 
JEL. TER; pele r€R o=1 
t t 

+. DW Dye +l Dy dh? — 

VvEl3 TER, g=1 g=1 
t 

woe tw aL (t= 41, ay tl). (5.6) 
=f 


© 


The complex’s population in each period is established, 
allowing for the influx of labour: 


t 
1A HRCA IE DM LER (CR RE (5.7) 


The possible influx of labour in all periods is limited: 


Li 
Dy) WP <QVn (5.8) 


g=1 


The scale of development of the complementary industries 
processing intracomplex raw material resources is limited 


10—0375 
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by the latter’s commercial reserves: 


> DE; SOG p'e Le alk, nes) (5.9) 


reR a 


The targets for the building of enterprises of the speciali- 
sation industries in the complex must be met: 


2, a> (EN). (5.10) 


For this purpose the sum total of discounted current and 
capital inputs on building and operating the given set of 
enterprises of the specialisation industries in the plan pe- 
riod, and on developing the complementary industries and 
infrastructure to the gone scale must be minimal: 


DIO Oe ss y (cle + g?*pr'®) yo + 


JEly TER; pels rR =tio=1 


ye ie 
ue y DhsPoonrap ae Os. (Cyr a mee rian Weer 
VEl3 rR, 1 g=1 
z 
Dock” => mins (5.44) 


g=t 


2. THE ECONOMIC SENSE OF THE MODEL’S 
CONSTRAINTS 


So that proportions will be observed in the development of 
interconnected production activities when variants are being 
selected for building enterprises of the specialisation indus- 
tries and determining the scale of development of the com- 
plementary industries and infrastructure, input-output ma- 
trices of the production and distribution of their output in 
each of the intervals of the plan period are considered in 
the model [constraints (5.4) to (5.3) inclusive]. 

The volume of production in each interval is established 
in accordance with the demand for the product. The possible 
export from the region of output of specialisation industry 
enterprises in the separate intervals is determined as the 
difference between the volumes of production and intracom- 
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plex demand. If the information on the national demand for 
output of the specialisation industries in the separate inter- 
vals of the plan period is available before the problem is 
solved, this information is introduced through index b} 
as a target for shipping output. 

The systems of equations (5.2) and (5.3) make it possible 
to find the intracomplex demand for output of the comple- 
mentary industries and services of the infrastructure and 
to determine the necessary increment of output by periods. 
The scale of development of these industries at the begin- 
ning of the plan period is taken into account through calculat- 


ing indices b) and b\. Information on the necessary export 
or possible import of output of the complementary industries 
by intervals is introduced by means of these indices. The 
demand of the complex’s previously created production activ- 
ities for services of the building industry is taken into 
account through index F*‘ if it is not known before solution 
of the problem. This index mainly embraces the demand of 
enterprises under construction or being reconstructed. 


When the volume of capital investments (k°) on develop- 
ing the building industry is being determined attention is 
paid to the reserve capacity @®’ previously created. The 
sign > in constraint (5.5) indicates that capacity can be 
released from the building industry as the volume of build- 
ing work in the complex declines. The volume of reserve 
capacity in the separate intervals is not explicitly represent- 
ed in the model since the directions of their use are not 
being studied in this problem. The scale of the demand for 
output (and services) in building depends on the volume of 
building work in the separate intervals (y'). The demand 
for labour is determined through the index of existing 
assets, i.e. is not reduced as intracomplex demand for build- 
ing work declines. 

Labour input-output matrices for the intervals [constraint 
(5.6)] enable the intersectoral distribution of labour in the 
complex to be analysed and the demand for incoming labour 
found. When the index of local reserves of labour L? is cal- 
culated, allowance is made for the demand of those of the 
complex’s industries (production activities) whose develop- 
ment is not studied in the model (transport, operating enter- 


di0* 
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prises and plants and those under construction, etc.). Because 
the amount of incoming labour for all periods is limited 
[constraint (5.8)], the effect of the limitation of manpower 
on the shaping of the complex’s industrial structure is taken 
into account through the input-output matrix of the distri- 
bution of labour by elements of the complex’s economy in 
the separate periods [constraint (5.6)]. 

The complex’s population in the different intervals of 
the plan period is determined by taking account of the 
size of the local population, the influx of labour, and the 
coefficients adopted for average size of families and natural 
increase of population [constraint (5.7)]. The index of the 
complex’s total population (h*) is introduced so as to bring 
out the rate of change and scale of development of the social 
infrastructure and complementary industries serving the 
public [constraint (5.3)]. 

As indicatedjabove, the complementary industries serving 
the specialisation industries are included in set J,. The 
scale of development of some of them is determined not 
only by the size of the demand for their output [constraint 
(5.2)] but also depends on the permitted volumes of exploi- 
tation of local natural resources [see constraint (5.9)]. The 
upper limits for the development of the production activities 
(industries) of set J, can be shown in the same way. 

The target for scale of development of the complex’s special- 
isation industries is introduced through constraint (5.10), 
the sign of which indicates the possibility of output above 
the assigned volumes of these industries. Such a situation 
can arise through an imbalance in the production and distri- 
bution of output in certain periods if the possible rates of 
growth of capacity have not been taken fully into account 
when the variants were being formulated. 

The optimality criterion (5.11) makes it possible to choose 
variants for building specialisation enterprises that call 
for minimum current and capital costs of the proportional 
development of all elements of the complex’s economy. The 
sum total of capital investments corresponding to the opti- 
mum plan, and their allocation by industries and periods, 
also present interest. 

If the complex calls for more investment than was allocat- 
ed when the line of specialisation was decided on (structure 
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and scale of development of the specialisation industries), 
it will be necessary to make a supplementary analysis of 
the dynamics of building up its economy, by means of com- 
putations on a model with a criterion of minimum capital 
investment. In that case the model’s structure will be altered 
a little, and the links between investment, fixed productive 
assets, and the dynamics of output will be described in 
greater detail. 


6 


MODEL OF THE SPATIAL STRUCTURE 
OF A COMPLEX 


V. S. Zverev and M. A. Malinovskaya 


1. FORMULATION AND MATHEMATICAL ECONOMIC 
MODEL OF THE PROBLEM 


The links of territorial industrial complexes within an econom- 
ic region and with facilities in other regions, their produc- 
tion specialisation, the scale of exploitation of their re- 
sources, and the location of facilities of the general regional 
infrastructure in them, are determined by means of a model 
of the spatial structure of a region’s system of complexes 
and a model for forecasting a complex’s main parameters. 

These general parameters, however, cannot fully define 
the scheme of the spatial organisation of a complex’s econo- 
my, since it is necessary, for that, to consider the conditions 
inside the complex in more detail (location of facilities by 
industrial centres; development and location of the intra- 
complex infrastructure). 

At this stage, therefore, the problem is to define the location 
scheme of enterprises and plants, the structure and production- 
economic connections of industrial centres, the location of the 
main elements of the infrastructure and of the population, the 
exploitation and development of the transport system, given 
minimisation of costs of the building and functioning of 
all the elements of the complex’s economy concerned. 

When solving the main problem of this stage of the inves- 
tigation it is necessary to allow for the effect of the follow- 
ing factors: 

(1) the mutual location of enterprises over the complex; 

(2) the production (technological) connections between 
enterprises and production activities; 

(3) enterprises’ possible use of different sources of resources 
(individual deposits of the complex, resources brought in 
from outside, and resources of the sub-areals figure as such); 

(4) the need for migration of labour to the building sites 
of the enterprises and production activities; 

(5) the allotted proportions between categories of labour 
in industrial centres; 
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(6) the carrying capacity of the separate sections of the 
transport system and the opportunities for increasing it 
under different variants of reconstruction. 

The effect of these factors must be evaluated from the stand- 
point of the minimum aggregate costs of functioning of 
the whole complex, and must be reflected in the model direct- 
ly, through the introduction of appropriate systems of 
equations and inequalities, or indirectly through the func- 
tion designators of the objective function. 

The objects investigated in the model of a complex’s spa- 
tial structure are the enterprises of the specialisation indus- 
tries (both existing ones and new ones), individual enterprises 
or groups of enterprises of the complementary industries, 
the areas of industrial centres suitable for industrial and 
civil building, the sections of the transport system, agricul- 
ture, and manpower. 

The field of acceptable solution for each of these objects 
is determined by various conditions: namely, for enterprises 
of the specialisation industries, by the possibility of select- 
ing sites and production links according to the exploitation 
of the complex’s resources; for complementary industries, 
by the existence of, or possibility of, providing resources 
within the complex’s industrial centres; for sectors of the 
area of a centre, by the level of development of its territory; 
for sections of the transport system, by the level of exploi- 
tation of existing carrying capacity and the opportunities 
for reconstructing sections; for agriculture, by the possibility 
of choosing its location (within industrial centres or in 
undeveloped areas of the complex); for manpower, by the 
scale and structure of the possible demand of the industrial 
centres for labour. 

The proposed formulation of the problem jis embodied 
in a mathematical economic model, for which the following 
notation is used. 


INDICES AND SETS 


ih ej atf —indices of products or types of raw material 
I, —set of the output of enterprises of the special- 


isation industries; 
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Jt —set of the output of enterprises of the special- 
isation industries existing at the begin- 
ning of the plan period; 


li —set of products brought in from outside the 
complex; 
I, —set of types of raw material produced by 


enterprises of complementary industries; 


Is —set of the products produced by enterprises 
of the complementary industries whose 
siting and development are dictated by the 
demand of enterprises located in the same 
or a neighbouring area; 


legend * —indices of enterprises or production ac- 
tivities (jE J, U2); 

Ji —set of new enterprises of the specialisation 
industries; 

J5 —set of specialisation industry enterprises 
existing at the beginning of the plan period; 

5 i —set of enterprises producing product j’ € J;; 

Js —set of enterprises producing product j” € J;; 

Hecke —indices of sub-areals (k, k’ € K U KjU 
U Kp U Ky); 

K —set of the sub-areals of the complex con- 
cerned; 

K; —set of sub-areals of possible sites for enter- 
prise j; 

Kp —set of sub-areals whose enterprises consume 
the resources of deposit p; 

K jor, —set of sub-areals whose enterprises consume 
product j” of an enterprise located in sub- 
areal hk: 

r —variant of the functioning of production 


facilities or exploitation of resources (r € 
ER, U R’, none of the variants of 
the functioning of facilities of the speciali- 
sation industries being differentiated by 
capacity); 
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Rj, —set of variants of the functioning of enter- 
prise j in sub-areal k; 

Ri —set of variants for reconstruction of sections 
of the transport system; 

J —set of enterprises that cannot be sited in the 
same sub-areal for sanitary and hygienic 
reasons; 

Ji —set of enterprises of the specialisation indus- 
tries consuming raw material i’ from de- 
posit p; 

J», -—set of specialisation industry enterprises 
that can be located in sub-areal k; 

p —index of a deposit of raw materials or fuel 
PEP UP ise 

Py —set of deposits of type i’ raw material or 
fuel; 

P50; —set of deposits of type i’ raw material or 
fuel located in sub-areal k; 

(kk’) —index of a section of the transport system 
[(kk’) € (KK’)]; 

(KK’) —set of the sections into which the complex’s 
whole transport system is broken down; 

d —index of a route for shipping output out of 
the complex [d €D;, D (kk’)); 

D; —set’ of routes for shipping out product i; 

Dane) —set of routes for shipping output that pass 


over section (kk’); 
—index of a category of manpower; 


@ —set of categories of manpower; 

Ny —index of a group of sectors of the area 
(rn, € N14); 

1° —set of groups of sectors of sub-areal k; 

No —index of groups of water sources (n, € V2); 


Nk —set of groups of water sources in sub-areal k. 
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MATRIX COEFFICIENTS 


Aj;, Aj; (aj;)—volume of production (consumption) of prod- 


Eu 


e 
A jpj 


kr 
A i(kh’) 


2 

A ihr’) 
ru 

T; 


Bb wu 
ey, Tin 


uct i or i” in enterprise j operating by 
variant 1; Qijr, Qiim, Airiry init, Arty 
arn are the coefficients of the direct inputs 
of i- or ij-type products or of i’-type 
raw materials on producing an i”-type 
product or i’-type raw material; 


—demographic load factor; 


—proportion of workers of category p employed 
in the service industries in the total popu- 
lation; 


—coefficient characterising the ratio of male 
and female labour in the population; 


—norm of the annual consumption of product 
i” or raw material i’ per head of population; 


—value of the fixed assets of facilities of the 
social infrastructure and public utilities, 
as envisaged by town-planning norms per 
head of population; 


—volume of the consumption of raw material 
i’ of deposit p at enterprise j, functioning by 
variant 17; 


—volume of freights of raw material or fuel 
on section (kk’) of the complex’s transport 
system needed to ensure operation of enter- 
prise j (located in sub-areal k) by variant r; 


—the same, for an existing enterprise; 


—number of workers of category p at enter- 
prise j by variant 7; 


—number of workers of category uw of a com- 
plementary industry producing a unit of 
i'-type, raw, material at deposit’ p, or of 
an i”-type product; : ss 
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ainkh') —volume of freight on section (kk’) associated 
with the manufacture of a unit of product 
by a complementary industry i’; 


Sj —area of land needed to site enterprise j; 
S! —per capita area of the territory; 
Sj —volume of water needed by enterprise j; 
ie —volume of water needed per capita per an- 
num. 
CONSTRAINTS 
H;- —limit on bringing in raw material i’ from 


outside the complex; 
—total numbers of local manpower reserves 
of category uw not employed in the complex; 
TT’) —reserve carrying capacity of existing sections 
(kk’') of the complex’s transport system; 


Tier’) —limiting annual carrying capacity of sec- 
tion (kk’) of the transport system under 
reconstruction variant r (r € R’); 

Il;- —limiting annual volume of extraction of 
i’-type raw material at deposit p; 


Ss,” —area of free group n, land in sub-areal k 
suitable for industrial and civil construc- 
tion, less land used for farming; 


gens —maximum possible volume of water from 
sources of group n, that can supply newly 
built facilities in sub-areal k; 

F, —value of the previously built fixed assets of 
facilities of the social amenities infrastruc- 
ture in sub-areal k. 


FUNCTION DESIGNATORS 


cf —adjusted costs of the output of enterprise 


j located in sub-areal & and functioning by 
variant 7; 


rae 


k 
ao 


Yi 
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—adjusted costs of developing group my 
land earmarked for industrial construction 
in sub-areal k; 

—adjusted costs of bringing a unit of 
i’-type raw material from outside the com- 
plex; 

—adjusted costs to develop group mn, area 
earmarked for civil construction in sub- 
areal k; 

—adjusted costs to produce a unit of 
product i” in sub-areal k; 

—adjusted costs per unit volume _ of 
extraction of i’-type raw material at depo- 
Sit Dp; 

—adjusted costs of providing services for 
one person arriving in sub-areal k from 
outside the complex; 

—adjusted costs of providing services for 
one person coming to sub-areal k from ano- 
ther sub-areal within the complex; 

—loss of manpower through non-employment 
in sub-areal k; 

—inputs to operate section (kk’) of the com- 
plex’s transport system, exploiting the 
section’s reserve carrying capacity; 

—adjusted costs of providing additional 
carrying capacity on a section (kk’) of the 
complex’s transport system under recon- 
struction variant 7; 

—adjusted costs of water supplies for 
industry and the public in sub-areal & from 
group 7m, sources. 


VARIABLES 


—rate of operation of enterprise j in sub-areal 
k by mode 7; 


—volume of i’-type raw material brought in 
from outside the complex; 
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xem —area of n, land occupied by industrial build- 
ing in sub-areal k; 

gee —area of group n, land occupied by civil 
building in sub-areal 4k; 

XLink) —exploitation of the reserve carrying capacity 
of section (kk’) of the complex’s transport 
system; 

XLhk*) —exploitation of additional carrying capacity 


of section (kk’) of the complex’s transport 
system under reconstruction variant r (rE R’); 


Le —magnitude of the use of water resources 
from group-n, sources in sub-areal k; 

Yi'p —volume of i’-type raw material mined at 
deposit p; 

hae —volume of output of product i” in sub-areal 


k’ using output of enterprise j located in 
sub-areal &; 


Zn —export of i-type product of enterprise j 
from sub-areal k along route d; 

bee —export of ittype product along route d 
from existing enterprises; 

ong —numbers of local w-category labour drawn 


to newly built production activities in 
sub-areal k&, from the number served by 
the social amenities infrastructure; 

UL —numbers of w-category labour brought into 
sub-areal k from outside the complex; 

—numbers of p-category labour drawn to 
sub-areal & from other sub-areals of the 
complex; 

—quantity indicating how far the number of 
able-bodied men exceeds the given ratio 
in the composition of the employable 
population of sub-areal k; 


—quantity indicating how far the number of 
able-bodied women exceeds the given ratio 
in the composition of the employable 
population of sub-areal k. 
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The mathematical economic model of the problem of a com- 
plex’s spatial structure is written as follows, using the 
notation adopted: 

Find ae Us negative values of 2}, zy ze", a page Yay 
Yj Pp ye as tenW’ ) Linh’ )> ae Zids LMT lie Es ie lait 
such as will satisfy the following constraints. 

Production and distribution of output must be balanced 
in all sub-areals in which facilities of the specialisation 
industries may be located, and also of all the products pro- 
duced by them: 


> yay — Die Me iat — 
ren SE je UJ2 KEK; rER 5, 


— >) D aiyirp— Dd) Dd aw yi} "a zik — 0 


i'ES4 PEP je VEIT5R’EK 
Vi 7 j€JiU2, ke Kj, rel Us): (6.1) 


Each of the given facilities of the specialisation indus- 
tries must be within the confines of the complex; 


Din Pe WU Grae): (6.2) 


The development of facilities extracting raw materials 
and fuel at individual deposits must satisfy the complex’s 
demand for their output, allowing for imports from outside: 


,) r kr ‘ 
Yip — >) 2 Dy i pjtj — > x py si ayyvyit,, + 
jer, "EK; TER, i"€Ts KEK J€J, KEK; 
i 


+yv— fu pip i. a, ¥ (Law + lip + lip) S90 
K wee 
(pEPy, UELZU I). (6.3) 
The development of facilities servicing specialisation indus- 


tries, other production activities, and the public must 
satisfy the demand for their product in each sub-areal of 
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the complex: 


By » yn a 2 oa oy anv y Tt, 


jES4 REK, 0 i” Eds he Kp JJ, REK; 
5 meyers X\) mt 
a eS ii p — 


EK jp) Jet, TER sp Be VETaA PEP sp 


A Dt Dv lan + May + lay) = 0 


OE he wEO 
ge Et a (6.4) 


The numbers of local male and female labour drawn to 
newly created production activities in all the sub-areals 
must not exceed their availability for the complex as a 
whole: 


D lut bp <Ly (we). (6.5) 
Rk REK 


€K 


The total freight traffic on each section of the complex’s 
transport system must not exceed the section’s carrying 


capacity: 
hn AL Rr LSS : 
Bs > Ajgenyty” + >) DD) OD) giannylt, + 
Co a awe) iEI5 REK JEN1 KEK 
jk 
ag 2 » > » aig pai > Ziad — 
d€D hp’) JEI1 REK ; 1€11 de Deine 1el 2 


— Xan) — 2, (nny <0 
((kk’) €(KK’)). (6.6) 


The rate of exploitation of each section of the complex’s 
transport system is limited by the established limiting carry- 
ing capacity (including that for each variant of reconstruc- 
tion): 

Many <Ueany (kK) € (KK")); (6.7) 
Lon’) <any (hk) € (KK), r€ R’). (6.8) 


Imports of each type of raw material from outside the com- 
plex must not exceed the established limits: 


yur Sy (i € Ls). (6.9) 
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The volume of extraction of each type of raw material 
from the complex’s deposits must not exceed the established 
limiting amounts: 


Hipp (CTS Pe Pra’ Cay (6.10) 


The demand for male and female labour of all facilities 
located in each sub-areal must be met: 


DD Fae i icy 


JEI1 TER 5p! t’ EJS aPEP ip? 


hh tage ryt —(1— yep) Onn Ue + lien) <0 
i”€J5 FES) KEK; 
(WE 0, KEK). (6.14) 
The utilisation of previously created fixed assets of the 


social infrastructure in each sub-areal must not exceed 
their availability: 


"1D Yau<F, (KER). (6.12) 
LEO 
The sex structure of employment in each sub-areal is 


estimated taking the forecast ratio of men and women into 
account: 


Teuy + Thuy + lis — ¥* (law, + Thins + Titus) — 
—Tnuitden,=0 (KER). (6.43) 


The land allocated in each sub-areal for industrial build- 
ing must not be less than that needed for all the industrial 
facilities located in that sub-areal: 


yy xk — >) yy Schr — 


menr in TERR! 


= SS Ly aS 0h eee (6.14) 


WEI 5 JET, REK, 


The same condition must be satisfied for the areas ear- 
marked for civil building: 


Dt — 3 54 (law + Dh + Uy) >0 (KEK). (6.45) 


nenh 
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The total area in each group used in each sub-areal must 
not exceed the latter’s free area: 


ohm t ghri < Se" (ke K, n,€N*). (6.16) 


The water requirements of all production facilities and 
of the public in each sub-areal must be met: 
pa roll a a de: lae ai Aug d alan 2s 
noenk jeghreR Eds fet WER 


= 2 iS? duit tlh Uy) Ora(k GK). (6.17) 
be 


“ho 


The rate of exploitation of each water source must not 
exceed its maximum capacity: 


os te Tey” y (6.18) 


Sanitation and hygiene conditions must be complied with 
in each sub-areal: 
SPMIDT Gite" FEHB: (6.19) 


Minimum aggregate inputs on the building and function- 
ing of the complex’s newly built facilities is ensured by 
satisfying constraints (6.1) to (6.19): 


“Sl cea st —) kr kr \ Ba | 
») ve » Cj Xj =e oy ee Ci pYi' p + 
JES! kek ; rER sp PEP V'EI4 
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KEK » en? KEK p acne 
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2. THE ECONOMIC SENSE OF THE MODEL’S 
CONSTRAINTS 


For each group of production activities considered in the 
problem a different range of questions is solved: namely, 
for new enterprises, their location in industrial centres and 
their production links are determined; for existing enter- 
prises, only their production links are determined; for enter- 
prises of complementary industries, the location of individ- 
ual plants, or their aggregate by industrial centres, and 
their production connections are determined. 

The links of enterprises of the first group with other 
enterprises and production facilities through the latter’s 
consumption of their output are reflected through the system 
of equations (6.1), by which the effect of consumers of output 
on the choice of operation variant for enterprise j located 
in sub-areal k is taken into account. In this both intracom- 
plex consumption and shipments out of the complex are 
considered. 

For new enterprises of the specialisation industries the 
variants of their location in one sub-areal are represented 
by the separate equations in system (6.1). In that way the 
indirect connection between groups of variants of the func- 
tioning of the enterprises concerned in different sub-areals 
is realised through consumption of output. 

The system of equations (6.1) also reflects the consumption 
links of functioning enterprises of the specialisation indus- 
tries. The difference here is simply that each enterprise is 
represented by one equation since questions of location 
are not being decided for them. Consequently, with obliga- 
tory inclusion of enterprises of the specialisation industries 
in the composition of a complex [see constraint (6.2)], it is 
necessary to consider either the utilisation of their output 
within the complex or its export from the complex. 

In contrast to enterprises of the specialisation industries, 
consumption of the output of complementary industries is 
considered solely within the complex (6.3) and (6.4). The 
low transportability of the product, low volume of produc- 
tion at individual enterprises, small differentials between 
value indicators, and the rigid dependence on the availabil- 
ity of local resources, consumption, and other factors make 
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it possible to assume a limitation on the zone of consump- 
tion of certain types of their output. 

The distribution of the output of auxiliary and service 
enterprises within this group of industries, andthe demand 
for their output by enterprises of the specialisation indus- 
tries, enterprises extracting raw materials, and the public, 
are indicated in the system of equations (6.4). 

In that way the direct effect of variants of the location 
and operation of enterprises and production activities 
over the complex is reflected in the model through the system 
of equations (6.14) and (6.4) when their location scheme is 
being determined. 

When the location scheme of industry is being determined 
the effect of the choice of different sources of resources is 
also taken into account. The exploitation of various sources 
of raw material determines the difference in magnitude of the 
costs of the functioning; of enterprises of the specialisation 
and complementary industries. Inputs on the operation of 
industry can be reduced by exploiting the raw material 
sources with the best extraction and transport conditions 
and by altering the location of enterprises in relation to raw 
material sources. 

The model considers the possibility of production activi- 
ties’ exploiting of both local and outside raw materials 
[see (6.3)]. The limits on the development of the extraction 
industries in a complex, and on the use of outside sources, 
are determined by their maximum possible extraction from 
deposits or deliveries from outside sources (yj, yj) as 
well as by the needs of the complex’s industry. These limi- 
tations are represented in the model being considered by the 
system of inequalities (6.9) and (6.10). 

When the level of development of extractive enterprises 
based on deposits of the complex under review is being con- 
sidered, the consumption of each enterprise’s output is taken 
into account separately. This is dictated by the need to allow 
for the different locations of raw material sources in rela- 
tion to the consumers, and for the difference in technological 
methods depending on the quality of the raw material, in 
accordance with which different modes of operation are 
envisaged for the enterprises of the specialisation industries 
and auxiliary production activities. The competition between 


1t* 
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different raw material sources finds reflection in the compar- 
ison of these modes, in particular the competition between 
local raw materials and those brought into the complex, 
between different. deposits of one type of raw material within 
the complex, and between sources of interchangeable raw 
materials. 

The transport factor has a great effect on the location of 
enterprises: namely, the density and configuration of the 
transport system, its technical equipping, the magnitude 
of transit traffic across the complex, and other indicators. 
The effect of the transport factor is accounted for in two 
ways in the model: namely, (a) through the increase in in- 
puts connected with the appropriate mode of operation of 
the enterprises, and (b) through the limitation on the carry- 
ing capacity of the system’s sections. The location of enter- 
prises within the complex in turn can affect the organisation 
of the region’s unified transport system. The direct and 
feedback connections between the level of development of 
transport and the location of industry within the complex 
are taken into account through the system of equations 
(6.6) and the systems of inequalities (6.7) and (6.8). 

Freights connected with the functioning of enterprises 
of the specialisation, auxiliary, and service industries are 
considered for each section |see (6.6)]. For that purpose both 
the existing capacity of the section considered and the 
additional capacity resulting from different variants of 
reconstruction must be taken into account. A need to recon- 
struct sections arises when the total volume of traffic in 
one exceeds the limitation on its existing carrying capacity, 
i.e. the value of I1?,,-) in inequalities (6.7). When the value 
of IT?np) is computed, the fact that some of the sections’s 
carrying capacity may be utilised by transit freights across 
the complex must be allowed for. 

Sections of the transport system can be reconstructed in 
several stages, it being known in advance how much a sec- 
tion’s capacity will be increased after one variant of construc- 
tion or another is implemented. By taking these values as 
restraints [the value of II?,,-) in the system of equations 
(6.8)], the required variant for the reconstruction of each 
section can be found in the solution of the problem. At the 
same time the inputs on their reconstruction will be com- 
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pared with the rise in inputs on the operation of industry 
under variants that make it possible either to employ only 
the sections’ existing carrying capacity or to reconstruct 
a minimum number of them. Compromise solutions can 
also be considered as a result of the comparison. 

Expressions (6.6) to (6.8) inclusive describe the transport 
conditions of the complex in general form. The various types 
of transport are represented in the model by different sec- 
tions of the transport system uniting given points within 
the complex; and the optimum distribution of freight be- 
tween the types of transport is discovered by means of the 
targets of the corresponding variants of the operation of 
enterprises and production activities and by comparing 
these variants. 

The location of enterprises and production activities 
within a complex presupposes the concentration of a certain 
amount of labour of the category needed in its various indus- 
trial centres. Transfer of population increases inputs on the 
operation of enterprises through the need to create a set of 
living conditions in the new place. A need for additional 
inputs can also arise from the siting of enterprises and pro- 
duction activities in industrial centres that have local 
reserves of labour, in the case; viz. when there is a rise,in 
the cost of transporting raw materials and fuel, in supplying 
water and electricity, and in providing services, and so on. 

The choice of variant for the siting of enterprises and 
plants is affected by an increase in inputs on their operation 
in areas of new construction not only through the additional 
inputs on providing services for the public but also through 
the losses involved in underutilisation of various categories 
of labour. 

Three groups of constraints are introduced into the model 
so as to take these factors into account. The system of 
equations (6.5) indicates employment differentiated simply 
by sex and industrial centre. By comparing an industrial 
centre’s total demand for labour of each category with the 
local reserves of that type we can determine whether it is 
necessary to bring labour in or whether manpower is being 
underutilised. This comparison [see equation (6.11)] helps 
us determine the increment of inputs on operation of the 
centre’s industry entailed by the increase in inputs on pro- 
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viding housing, services, and amenities for the incoming 
population. 

It would not be possible to allow for losses arising from 
a deviation of the established structure of the labour force 
from the existing structure of the population by means of 
constraints (6.5) and (6.11). Breach of these proportions 
leads to an inability to employ non-employed manpower 
of one category or another by other units of the economy. 
In order to find the deviations in the structure of manpower 
under the different variants of the location of production 
activities, and so as to allow for the effect of this factor in 
the location plan, the system of equations (6.13) is intro- 
duced. 

The efficiency of the location of new specialisation indus- 
try enterprises by industrial centres of the complex is 
substantially determined by the way the area of the centres 
suitable for industrial and civil building is employed. 

The scale of the use of land for industrial and civil con- 
struction is represented by the system of inequalities (6.14) 
and (6.15). The exploitation of another type of local resource, 
namely water, is represented by the system of inequalities 
(6.17). 

The opportunities for siting enterprises in industrial 
centres depend tosome extent on the size of the latter’s re- 
sources, the level of inputs on exploiting these resources, and the 
sanitary-hygienic conditions. The limitations on the use 
of two of a centre’s resources—land and water —are con- 
sidered in the model [by inequalities (6.16) and (6.18)]. 

The limitations on sub-areals depend on the area of the 
various categories of land within them. One category em- 
braces land unsuitable for farming but suitable for building 
enterprises, housing, and other facilities. As a rule, the 
inputs on developing it are not great, but its area is limited 
in extent. The other category consists of areas given over 
to farming (often very fertile land) or forest. Their conver- 
sion calls for considerable inputs to compensate agriculture 
or to restore forest reserves. 

The limitations on water depend on the average daily 
intake with natural flow of a river, or on regulation of the 
flow by building water engineering works. 

The expedient scale of exploitation of the resources of 
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industrial centres is also determined, to a considerable ex- 
tent, by the character of the production activities located 
in the complex. If the siting of some of them in any one 
centre infringes the sanitary norms (excessive pollution of 
the atmosphere, effluents, etc.), an unfavourable combina- 
tion of them in a centre is banned [the system of inequalities 
(6.19)j}. Underutilisation of land and water resources is 
then possible. 

The effect of the main factors on the location of enterprises 
and plants within a complex is thus taken into account 
through the system of constraints (6.1) to (6.19) AGEING, 
and the index of the optimality criterion (6.20). 

The size of the aggregate inputs is built up from those on 
the operation of industries within the complex, the operation 
and development of transport, development of the area of 
industrial centres and water supply, and the provision of 
services for the labour force during its settlement, and also 
from the losses through underutilisation of various categories 
of labour, 

The model of the spatial structure of a complex does not, 
of course, resolve the whole range of matters involved in 
its organisation and functioning and that of its separate 
parts. Such matters as the process of building a complex in 
time, organising the system of settlement, and of individual 
industrial centres, are left unsolved. Their solution calls 
for the construction of other models, such as those of the 
spatial structure of an industrial centre (Chapter 9) and of 
the process of organising a complex (Chapter 10). 


MODEL OF THE PRODUCTION AND 
SPATIAL STRUCTURE OF A REGIONAL 
AGRARIAN-INDUSTRIAL COMPLEX 


V. A. Semyonova 


14. FORMULATION AND MATHEMATICAL ECONOMIC 
MODEL OF THE PROBLEM 


In a territorial industrial complex with a developed agri- 
culture there must be industries technologically associated 
with farming. These can be broken down into three groups, 
as follows: 

(1) those processing agricultural raw materials; 

(2) those producing supplies for agriculture or ‘providing 
it with services; 

(3) those serving the two foregoing groups. 

These industries play a joint socio-economic role in a 
complex’s economy in conjunction with farming. The ultim- 
ate goal of their development is to meet the demand of the 
complex’s population for the main food products and to 
fulfil the plan for shipping foodstuffs and raw materials 
set at a higher level of planning. The aggregate of the 
industries technologically and economically associated with 
farming, and the agriculture of the complex itself, we define 
as a regional agrarian-industrial complex (RAIC). 

Such a RAIC thus includes agriculture, enterprises of the 
meat, dairy, and food industries,-and other enterprises for 
the primary processing of agricultural raw materials, enter- 
prises for storing, treating, and processing cereals and pro- 
ducing feed concentrates and artificial fertilisers, enterprises 
for repairing farm machinery, organisations for carrying 
out land improvement work, and so on. 

The specific features of a RAIC’s technological and eco- 
nomic links, and the specific factors and conditions of its 
organisation, call for its singling out as an autonomous part 
of the investigation and for the constructing of a special 
model. 

The model of a RAIC} is closely linked with the other 
models in the group for organising a territorial industrial 
complex. The link is to be seen not only in the use that the 
solutions are put to (plan for the settlement and concentra- 
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tion of population; demand for the RAIC’s output) but also 
in the taking into account of certain limited production 
resources (land, labour, water). As part of a territorial in- 
dustrial complex, a RAIC must be treated and analysed in 
accordance with the general principles for optimising the 
organisation of the complex as a whole. One must select 
a rational variant for locating the RAIC’s sectors and deter- 
mining the raw material zones of the industrial enterprises, 
the volume and direction of transport traffic, the develop- 
ment of the capacities of the plants of all the sectors listed 
above, and the sources for supplying the population in each 
administrative district with food products. 

Optimisation of a RAIC’s production and spatial struc- 
ture consists in determining the general plan for the develop- 
ment and location of all its elements that will meet the planned 
consumption of the region’s population for foodstuffs of local 
origin and meet the target for shipments of the end product, 
given minimisation of the aggregate total inputs on the building 
and operation of all its facilities. 

The main functional units of a RAIC are the commercial] 
and intermediate sectors of state-run and co-operative 
agriculture (both arable farming and _ stock-raising), the 
personal smallholdings of country dwellers; the industrial 
enterprises processing agricultural raw materials; industrial 
enterprises supplying machinery to agriculture; manpower, 
the urban and rural population, and the farmland. Industrial 
and transport links are represented by the flow of produce, 
agricultural raw materials, and machinery between the 
RAIC’s administrative districts and by imports from out- 
side the RAIC and exports out of it. 

The solution of the problem as formulated must take the 
following factors into account: 

(1) the production (technological) links between the various 
sectors of agriculture and the RATC’s industrial enterprises; 

(2) the opportunities for employing different means of 
developing the material-industrial base and infrastructure 
of farming; 

(3) the permissibility of employing various fodder crops 
and feedstuffs of different nutritional value in stockraising; 
the observance of feedstuff consumption rates in terms of 
fodder quantity and nutrients; 
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(4) the opportunities for employing various technological} 
means of growing fodder crops and preparing fodder; 

(5) the structural features of the “food basket” consumed 
by the urban and rural population, and the differences in 
the sources of satisfying the demand for basic foodstuffs; 

(6) the limited nature of local resources for developing 
farm production and of the physical resources needed to 
extend and intensify farming; 

(7) the technological requirements on the ratio of the 
various types of agricultural raw material delivered for 
industrial processing. 

The field of acceptance of solutions in regard to the ob- 
jects being studied is decided (a) by the choice of districts 
for locating the commercial branches of farming and of the 
technological methods (which are differentiated by the tech- 
no-economic indices of the use of the various categories of 
farmland, by the possibility of developing the material 
production base of arable farming and stockraising, and by 
the availability of local resources); 

(b) by the choice of areas for siting the RAIC’s industrial 
enterprises and farms producing various types of agricultural 
raw material and for delivering the finished product to con- 
sumers (i.e. to agriculture, and to the urban and rural pop- 
ulation); 

(c) by the application of various technological means of 
developing the RAIC’s industrial enterprises; and 

(d) by the possibility of meeting fodder needs in accor- 
dance with the economic expediency of producing various 
types of concentrated feeds in a district and the conditions 
for doing so. 

The following notation is used in the formal writing of 
the mathematical economic model. 


INDICES AND SETS 


pee —indices of the resources used by agriculture 
and by the RAIC’s industrial enterprises 
(he lyodgpnive Igotialy; 

i —set of the local resources of agriculture 
available in the various administrative 


I, 


J 


A 


J 6 
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districts of the territorial industrial com- 
plex at the beginning of the selected year 
(farmland, labour, farm buildings, etc.); 


—set of the resources and services used in agri- 
culture obtained from the RAIC’s industrial 
enterprises (artificial fertilisers, feed con- 
centrates, repairs, land improvements, 
schemes, building work, and so on); 


—set of the local resources of the separate ad- 
ministrative districts for intensifying farm- 
ing (land suitable for amelioration and 
conversion into more productive farmland); 


—set of resources allocated for the RAIC’s 
purposes (capital investments, water, elec- 
tricity, etc.); 

—indices of the technological methods of de- 
veloping the various sectors of the RAIC 
G EF, UF, UIs ;U Sa U Js U Y0); 

—set of the technological methods for devel- 
oping the commercial branches of arable 
farming; 

—set of the technological methods for devel- 
oping the branches of stockraising; 

—set of the technological methods for pro- 
ducing fodder crops and fodder obtained as 
a by-product of the commercial branches of 
farming (straw, chaff, haulms and _ tops, 
skim-milk, etc.); 

—set of the technological methods of devel- 
oping the material production base of 
farming techniques for improving soil fer- 
tility; the building and reconstruction of 
farm premises, and so on); 

—set of the technological methods for de- 
veloping the RAIC’s industries; 

—set of the technological methods ensuring 
growth of capacity of the RAIC’s industrial 
enterprises; 
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S —indices of the commercial sectors of agri- 
culture and personal smallholdings (s € S,U 
U Ss U Ss); 

Sy —set of the branches of arable farming; 

S5 —set of the branches of stockraising; 

Sie —set of the branches of cultivating personal 
smallholdings; 

l —indices of the administrative districts form- 
ing the RAIC (J € LZ); 

L —set of the RAIC’s administrative districts: 

iK —indices of the RAIC’s administrative dis- 


tricts that are consumers of farm produce 
(foodstuffs) and suppliers of agricultural 
raw materials (l’ € Lj; U L,); 

—set of the RAIC’s administrative districts 
supplying agricultural raw materials; 


/ by —set of the RAIC’s administrative districts 
consuming food products; 


m, m’' —indices of the types of agricultural raw ma- 
terial (m € M, m’ € M); 

M —set of the types of agricultural raw material; 

k —indices of the types of fodder (k € K); 

K —set of the types of fodder (K (| J, = K’); 

k’ —sub-set of the types of concentrates (k’ € K’; 
Ai ples 


t —indices of the types of nutrient (¢ € 7); 

FF —set of the types of nutrient; 

h —indices of the food products produced by the 
AIG (he Gta ey: 

gle —set of the food products processed in the 
RAIC’s industrial enterprises; 

HH. —set of food products passing into consump- 
tion without processing; 


r —indices of the RAIC’s industrial enterprises 
(verity): Hs); 


Dijst 


Dijni 


Pijsi 


Pijrt 


bij1 


Dir ijl 


Dipjt 
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—set of the sectoral groups of the RAIC’s in- 
dustrial enterprises processing agricultural 
raw material; 

—set of the sectoral groups of industrial enter- 
prises supplying machinery and services to 
agriculture; 

—indices of the population groups of the 
territorial industrial complex (n€ N; N = 
={1,2},n = 1—urban population, n = 2— 
rural population). 


MATRIX COEFFICIENTS 


—input of type i resource per unit of the 
rate of technological method j of developing 
branch s of commercial farming in district J; 


—input of i-type resource per unit of inten- 
sity of technological method j of producing 
fodder k& in district 1; 


—input of resource i obtained from the RAIC’s 
industrial enterprises per unit of intensity 
of technological method j of developing 
commercial branch s of farming in district J; 

—input of resource i obtained from the RAIC’s 
industrial enterprises per unit of intensity 
of technological method j of producing 
fodder & in district J; 

—inecrement of local agricultural resource i 
ensured by a unit of intensity of technologi- 
cal method j in district /; 


—input of resource i’ per unit of technological 
method j of increasing farmland, manpower, 
farm buildings, and the capacities of the 
RAIC’s industrial enterprises, etc. (i.e. of 
i-type resources) in district J; 

—input of resource i’ per unit of technological 
method j of developing industrial enter- 
prise r of the RAIC in district /; 
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Arjsl —annual demand for nutrient ¢ per unit of 
intensity of technological method j of de- 
veloping commercial sector s of state-run 
and co-operative stockraising in district J; 


Aisi —annual demand for nutrient ¢ per unit of 
intensity of the development of sector s 
of the cultivation of personal smallholdings 
in district J; 

Atinl —quantity of nutrient ¢ contained in a unit 

; of fodder k& produced by _ technological 
method j in district J; 


Athrl’ —quantity of nutrient ¢ contained in a unit 
of fodder & obtained from feed-concentrate 
factory r located in district 1’; 


Oz jst AN Onjs1 Minimum and (corresponding) maximum 
annual norm for consumption of fodder k 
per unit of intensity of technological method 
j of developing commercial branch s of state- 


run and co-operative stockraising in district 
l; 


On sl and &,.. —minimum and (corresponding) maximum 
annual input of fodder & per unit of inten- 
sity of the development of sector s of the 
cultivation of personal smallholdings in 
district J; 


Ap jl —quantity of fodder k provided by a unit of 
intensity of technological method j of fodder 
production in district J; 


Cnr Il —quantity of fodder & provided by a unit of 
intensity of deliveries by industrial enter- 
prise r from district l’ to district J; 


damn | —annual standard of consumption of food 
product h by group n of the population of 
district 1; 

Varl —annual volume of production‘of food prod- 


uct h per unit of capacity of industrial en- 
terprise r in district 1; 
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Pirt —annual volume of production of resource i 
per unit of capacity of industrial enterprise 
r located in district /; 

Prrl —annual volume of production of fodder k 
per units of capacity of industrial enter- 
prise r located in district 1; 

Phist —quantity of food product h provided by a 
unit of intensity of technological method j 
of developing commercial branch s of agri- 
culture in district J; 

Phsi —quantity of food product h provided by a 
unit of intensity of the development of 
sector s of the cultivation of personal small- 
holdings in district 1; 

ated —quantity of raw material (type m) provided 
by a unit‘of intensity ot technological meth- 
od j of developing commercial sector s 
of agriculture in district J; 

poe —annual norm of inputs of m-type agricul- 
tural raw material per unit of capacity of 
industrial enterprise r located in district J; 

Pmni —coefficient of the conversion of food product 

h, produced in district / and supplied for 
consumption without industrial processing, 
into an m-type agricultural raw material; 

—quantity of agricultural raw material m 


Umm’r il’ 
going into a unit of raw material m’ deliv- 
ered from district J’ for processing in 
industrial enterprise r located in district J. 
CONSTRAINTS 

Bi, Bin —availability of resources i and i’ in district J; 

B; —limit on the use of resource i’ by the RAIC 
as a whole; 

| eer —magnitude of the previously built capacity 
of industrial enterprise 7 in district J; 

P;, —plan for the shipment of food product h 


out of the RAIC; 
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Pe. —plan of the shipment of agricultural raw 
material (type-m) out of the RAIC; 
Bea —forecast population of group nv in district J. 


FUNCTION DESIGNATORS 


C yet —annual current input per unit of intensity 
of technological method j of developing 
branch s of agriculture in district 1; 

Chil —annual current inputs per unit of intensity 
of technological method j of producing 
fodder k& in district /; 


Cul —annual current inputs on exploiting a unit 
of capacity of industrial enterprise r in 
district J; 

Cijl —normalised inputs per unit of intensity of 


technological means j ensuring growth of 
resource i in district J; 


Chil —normalised inputs per unit of intensity of 
technological means j of increasing the 
capacity of industrial enterprise r in dis- 
trict. ?: 

Cui —normalised inputs on transporting a unit of 


m-type agricultural raw material from dis- 
trict l’ to industrial enterprise r located in 
district, 1; 


Chrll’ —normalised inputs on transporting a unit of 
food product h to district l’ from industrial 
enterprise r located in district J; 


Chrll? —normalised inputs on transporting a unit of 
fodder k to district J from industrial enter- 
prise r located in district l’; 


Chrl —normalised input on (cameos a unit of 
food product h from industrial enterprise r 
in district / to the shipping pointfor send- 
ing it out of the RAIC; 


End —normalised input on transporting a unit of 
m-type agricultural raw material from dis- 


Ly jl 


Xl 


Yrrll’ 


Ynnl 


Ynrt 


Yml 


Ymril’ 


12—0375 
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trict / to the shipping point for sending it 
out of the RAIC; 


UNKNOWNS 


—rate of exploitation of technological method 
j of developing sector s of agriculture in 
district 1; 

—rate of exploitation of technological method 
j of producing fodder k in district /; 


—intensity of the development of branch s 
of the cultivation of personal smallholdings 
in district J; 


—capacity of industrial enterprise r in dis- 
REC Go. 
—intensity of the exploitation of technological 


method j ensuring growth of resource i 
in disteret,. 7: 


—intensity of the exploitation of technologi- 
cal method j of increasing the capacity of 
industrial enterprise r in district 1; 


—size of population group n in district J; 

—volume of deliveries of fodder & to district 
l’ from industrial enterprise r located in 
district 1; 

—quantity of food product h sold by socially- 
owned agriculture for consumption by po- 
pulation group n of district /; 

—quantity of food product h shipped out of the 
RAIC from industrial enterprise r located 
in-district 2; 

—amount of agricultural raw material, type 
m, shipped out of the RAIC from district /; 

—volume of freights of agricultural raw ma- 
terial, type m, from district /’ to industrial 
enterprise r in district /; 
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Yrrll* —volume of deliveries of food product h from 
industrial enterprise r located in district J, 
for the population of district 1’. 

The model for optimising the production and spatial 
structure of a regional agrarian-industrial complex is as fol- 
lows: 

Find the non-negative values of 2j51, Lpj1, Lsyy Lry, Ligys 
Lpjly nly Vrrll’s Yanks YarlsYmis Y mril’» and Ynrll’ suchas willsatisty 
the constraints given below. 

The public’s demand in each district for food products 
obtained after processing in the RAIC’s industrial enter- 
prises is satisfied: 


>) Vani@ni— 2) Dy Yar <0 (hEH,,1EL). (7.4) 


neEN r€R, erp 


_ The urban population of each district is ensured food 
products entering consumption without industrial proces- 
sing: 
Vani&ni— >) 21 Prjst®jot<0 (AEH, Le L, n= 1). (7.2) 
J 


1 SCOy 


The rural population’s demand for food products not re- 
quiring industrial processing is met from personal small- 
holdings and socially-owned production: 


Vanl& ni — dy Phst£gt— Yani QO (LE He, lcL.n=2), (7.3) 
s€S3 


The whole forecast population (urban and rural) is taken 
into account when the consumption of food products in each 
district is determined: 


Lnt By (nEN,LEL). (7.4) 


The RAIC meets the plan for deliveries of: 
(a) finished products 


Si hua ee a (RE H,U Ap); (7.5) 


rER, lEL 


(b) agricultural raw materials 


Py Umi > Pm (m€ M). (7.6) 
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The scale of development of agriculture in each district 
is limited by the existing local reserves: 


s€8,US sevBa Pan® yar + we a Pineal pay bi tin<cBu 
Gel, 1€ 1). (7.7) 


The opportunities for intensifying farming in each district 
are limited by the availability of the appropriate local 
resources: 


a 2 py bvssitin< Bin Wel. lel); (7.8) 
JET 57% 


A fodder base is organised in each district that is balanced 
for nutrients and the appropriate feeding requirements of 
animal husbandry and for the long-term technological means 
of developing stockraising and the fodder base: 

(a) input-output matrices for nutrients 


JEds sES, sE€S; 


ae >) > » Qinri'Yrrir <0 (ET, LEL); (7.9) 


re€R, REK VEL, 


€)| | 
> > Qt js1Zjs1 + » At glL 51 — > > Qtr Lp jl — 
REK j€Js 


(b) input-output matrices for separate types of fodder 
(i) by minimum norms of feeding 


> » On jslX jst py Xn sl% gl — 
JET» s€5_ — 


— >) Onjtan— >) Dd) Grrr <0 (kEK,1EL); (7.10) 
JET r€Rs pers 


(ii) by maximum norms of feeding 


Oy) Pika On gsILjgl + va Gnsitar— > Op 1 Lp jl — 
Ids 


i165 s€5y 
— >) D>) Garyyarnw 0 (KEK, TEL). (7.41) 
rR eLy 


The volume of deliveries of agricultural raw materials 
from each district and the consumption by the rural popu- 
lation are balanced with the scale of production in that 


12* 
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district: 
a » Pmjsl©&jst — Ymi — D7 Ymrll’ — 
JET UJ, s€S,US, VEL reRy 
ae: Dy Panini 20 (mEM,1LEL). (7.42) 
2n= 


The scale of development of the individual enterprises 
for producing foodstuffs is adequate to satisfy the demand of 
the complex’s population and the plan for shipments out of 
the complex: 


VarlLpl — Di Yariv’ —Ynri 20 (ER, HEH, 1EL). (7.13) 
VeLe 
The scale of development of industrial enterprises for 


processing agricultural raw materials is ensured by the ap- 
propriate deliveries: 


Pmrl%rl — Dy Ymrur <0 (meM, (adic «6 LE L). (7.14) 
VEL, 
Definite ratios are maintained between the separate types 
of raw material delivered for processing: 


>) Ym' rll’ — >» Dd ininkeit Voorn >O 
VEL} meMN m" jeeps 
(mEM,7r€R,, LEL). (7.15) 


The capacity of the RAIC’s industrial enterprises producing 
physical resources and servicing agriculture is adequate to 
the needs of arable farming and stockraising in all districts 
of the complex for each type of product or service (except 
feed concentrates): 


= 
> >) Piriky1— > > > Pijsl® jsi — 
r€R, leL 1EL s€S,US2 J€SiUI» 
AT 
—> > » PinjiTrjyi= 9, 
i€L REK j€J, 
(iE I,N#'). (7.16) 


The capacity of industrial enterprises producing feed con- 
centrates is adequate to meet the needs of a district of the 
complex: 


PrrlLpl — » Yrru’ = 9 (KE K’, a Le od by (7.17) 


ely 
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The input-output matrices of the productive capacity of 
enterprises are: 


tri— DS trpa<Pn (TER UR» LEL). (7.18) 
The input of resources needed to intensify agriculture and 


develop the RAIC’s industry do not exceed the limit imposed 
for these purposes: 


ria 
Ba Meco oe eat Bee Ly C7249) 
l€Lg JEF4 1El, i€Ty YER EL 


In observing constraints (7.1) to (7.19) inclusive the ag- 
gregate inputs on building, developing, and operating all 
the RAIC’s facilities must be minimal: 


N) \) 1 
ie ez > Cye1Zjoi-+ >) > » Cryttngt 2 23 Cri Lp + 
EL J€J,UJ» s€S,US> 1€L j2Jd a EL r€R 
\) N) 
LE » 2) pl ejtij+ > 2 Lal py Cr gl Ep jit 
lEL i€l JES 4 lEL j€J, r€R 
° vy 
Hise SE ireenituer ga a Dy ChriYrrue + 
lEL VEL, mEeM re€R, lEL l’ ei ’ REK r€R, 
oe » OL Chniviimr +) ChrtYnrt + 
(EL yer}! neH2 n€N i€L r€R, h€H, 
a me ner aare min. (7.20) 
1EL mEM 


2. THE EGONOMIC SENSE OF THE MODEL’S 
CONSTRAINTS 


One of the main problems to be solved in the organising 
of a RAIC is that of determining the volume of production of 
foodstuffs and agricultural raw materials. The need for 
food products obtained by processing agricultural raw mate- 
rials in industrial enterprises is determined by the differen- 
tiated norms of their consumption by the urban and rural 
population of each administrative district on the basis of 
the system of inequalities (7.1), which makes it possible at 
the same time to establish the suppliers of these products 
(districts and enterprises) and to bring out the links within 
the complex for their production and consumption, 
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When the demand for food products entering consumption 
without industrial processing is being determined, the differ- 
ences between the sources for satisfying this demand are taken 
into account in addition to the differentiation between the 
consumption standards for the urban and rural population. 
The model envisages that the urban population’s demand 
for foods of this kind will be met by the commercial branch 
of agriculture (7.2). For that purpose the consumption norms 
allow for townspeople’s consumption of such things as 
potatoes and vegetables to be reduced by the quantities 
they obtain from private and collective kitchen gardens. 
As for the rural population, two sources of foodstuffs not 
requiring industrial processing are envisaged: namely, 
personal smallholdings and the market branches of state 
and co-operative farming (7.3). 

The basis for determining the complex’s consumption of 
both types of foodstuffs, together with the consumption 
norms, is the forecast of urban and rural population in each 
district (7.4). 

The targets for deliveries of foodstuffs outside the complex 
are allocated among enterprises and districts by the ine- 
qualities (7.5), while constraints (7.13) tie up the schemes 
for supplying its population with industrially processed 
food products and for meeting outside delivery targets, 
with the capacity of the processing enterprises. 

The system of inequalities (7.1) to (7.5) inclusive and 
(7.13) makes it possible to localise demand for, and volume 
of production of foodstuffs in a breakdown of the individual 
administrative districts and industrial enterprises. 

Similar matters relating to the siting of production activ - 
ities and consumption of agricultural raw materials are 
resolved by the system of inequalities (7.6), (7.12), (7.14), 
and (7.15). The first two constraints co-ordinate the RAIC’s 
targets for export of raw materials with the location of their 
production by separate districts, at the same time allowing 
for their consumption in its own enterprises and by the local 
rural population. The other two constraints give precision 
to the structure of intracomplex links for agricultural raw 
materials, ensuring correspondence of the capacities for 
processing the separate types of raw material in each of the 
industrial enterprises with the scale of deliveries, and satis- 
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fying the technological conditions for processing them in 
accordance with their different types. 

The organisation of the fodder base of stockraising is re- 
flected in the model by constraints (7.9) to (7.11) inclusive 
and (7.17). The scale of development and structure of the 
fodder base of each district, taking interdistrict links into 
account, ensure meeting of the animal husbandry require- 
ments for feeding cattle and poultry, i.e. balancing of nu- 
trients (7.9) and adequate variety of feedstuffs (7.10) and 
(7.11). The possibility of establishing local norms for in- 
puts of fodder within the limits of their minimum and maxi- 
mum values offered by constraints (7.10) and (7.11) makes 
it possible, on the one hand, to ensure a balance of nutrients 
and, on the other hand, to organise the local fodder base 
allowing for the peculiarities of the conditions for producing 
the various types of fodder in each district. In addition, 
these inequalities, in connection with constraints (7.17), 
provide the basis for determining the capacities and locations 
of industrial enterprises for producing concentrated feeds, 
which constitute an important part of the fodder base for 
developing stockraising. 

The industrial enterprises producing various types of 
physical resource for agriculture and servicing it must meet 
each type of these needs for all branches of commercial 
arable farming, stockraising, and the RAIC’s fodder base. 
This requirement is met in the mathematical model by the 
system of inequalities (7.16), which enables the scale of 
demand for each type of resource (i € 1, \ k’) to be established 
and the scale of the appropriate enterprises and their location 
in the complex to be determined. 

The spatial connections between the RAIC’s districts 
as regards the use and export of various kinds of produce are 
represented by the modes of production and transport. Their 
intensity is expressed in the volumetric mensuration units 
of the production of the relevant output, i.e. in tonnes, quin- 
tals, cubic metres, and so on [see constraints (7.1), (7.3), 
(7.5), (7.6), and (7.9) to (7.17) inclusive). 

In addition to reflecting spatial connections, it is neces- 
sary to allow for the intersectoral connections of the RAIC’s 
facilities, since all sectors of the complex’s economy are being 
developed in an interconnected way in definite proportions 
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with one another. An increase or decline in the volume of 
production of one sector or another gives rise to correspond- 
ing changes in the development of the others. This inter- 
connection and reciprocal conditioning of the development 
of all branches of the RAIC’s economy is ensured in the 
model by the technological means of developing the com- 
plex’s separate facilities. 

Each technological method has its own units of measure- 
ment and intensiveness, indices of output, demand for re- 
sources of one kind or another, and inputs on operating or 
effecting the method. 

The units for measuring the intensity of technological 
method are as follows: for arable farming, the hectare of 
sown area; for stockraising, the number of head of the main 
herd, including the young animals; for the production of 
fodder crops, the tonne or quintal of physical weight; for 
industrial enterprises and other industrial and building 
facilities, their capacities in standard output or services. 
The characteristics of the intensiveness of a technological 
method thus reflect the separate nature of each sector, enter- 
prise, or production activity, and make it possible to em- 
ploy the information used by industrial and agricultural 
planning authorities when solving the problem. 

Each technological method is characterised by indices of 
the output of its appropriate product, of the need in the 
output of other sectors (enterprises, production activities) 
and in resources. Their use also ensures reciprocal inter- 
connections in the development of the RAIC’s various facil- 
ities and observance of the limits on inputs both of limited 
local (district) resources, and of resources common to the 
whole complex. The scale of the different methods of im- 
proving soil fertility, and other ways of intensifying agri- 
culture, are limited by the availability of the appropriate 
resources in each district [constraint (7.8)]. The particular 
local resources for developing the RAIC’s industry are the 
already existing capacities of the industrial enterprises of 
each district, employment of which for the complex’s future 
economic development must be confined to a scale not exceed- 
ing their actual availability [see constraint (7.18)]. In 
addition the total scale of the development of agriculture 
and industry in all districts must correspond to given limits 
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common for the whole set of resources (i’ € /,), which is 
reflected in inequalities (7.19). 

The technological and industrial-transport methods of 
the functioning and development of a RAIC also have 
indices of the inputs needed to realise them, which in aggre- 
gate forms the objective function (7.10), which expresses the 
requirement of minimising normalised inputs on agricultural 
produce, the processing of raw material, and the production 
of artificial fertilisers, fodder, and other physical resources 
and services by the RAIC’s facilities, on transporting the 
raw material or the finished product, and on intensifying 
farming and developing the complex’s industry. 

In this way the technological and industrial-transport 
methods link together the whole system of constraints of 
the optimum functioning of the RAIC’s industrial and 
spatial structure, so as to ensure its balanced development. 


8 


MODEL OF THE LOCATION OF A COMPLEX’S 
INDUSTRY 


V. I. Ezersky 


1. FORMULATION AND MATHEMATICAL ECONOMIC 
MODEL OF THE PROBLEM 


The problem of optimising the location of industrial produc- 
tion activities within a single complex consists in choosing 
such variants of the development of industrial centres (their 
structure, and the scale of development of industrial enter- 
prises), the composition and direction of industrial connections, 
the exploitation and development of main-line transport, that 
their targets for production of the types of output envisaged 
will be met with minimum inputs, taking into account pro- 
vision of the assigned standard of living of the centres’ 
population, satisfying of the technological conditions for 
the operation of the activities concerned, and the require- 
ments of industry’s territorial organisation. 

The following notation is used to write the mathematical 
model. 


INDICES AND SETS 


fay —indices of the complex’s industrial centres 
(i € J); 

J —the set of industrial centres; 

l 


—index of a product or resource (l € L); 


> 


—index of a consumer or supplier located 
outside the complex (k € K,, k € K,); 


—the set of suppliers; 


i 


—the set of consumers; 


+ yy 


—index of the variants of the development of 
industrial centres; 


—the set of variants for industrial centre i; 
—index of sections of the transport system 


(7 € Q); 


sQ 


= 
Q 


IT;, 
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—set of the sections of the transport system 
within the complex; 


—index of the variants of the development ol 
sections of the transport system (f € F,); 


—set of the variants of development of sec- 
tion q of the transport system. 


MATRIX COEFFICIENTS 


—volume of production of product (resource) 
! by variant r of the development of indus- 
trial centre 7; 


—consumption of product (resource) J by in- 
dustrial centre i under development variant 
rs 

—carrying capacity of section qg of the trans- 
port system under development variant f; 

—freight volume of l-type product; 


—coefficient determining the degree of use 
of section g of the transport system for 
freight traffic by the appropriate route: 
6 = 1 when the route from i to j passes 
along section g; 6%; =0 
in the contrary case (similarly 6%; = 0; 
4 -and<6j,"=— 07) 


CONSTRAINTS 
—volume of transit freight traffic over section 
q of the transport system; 


—target for shipments of product (resource) / 
out to consumer k; 


—target for shipments of product (resource) | 
in from supplier &. 
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FUNCTION DESIGNATORS 


ch —adjusteds costs of implementing variant 
r of the development of industrial centre 7; 
Si;, (Seis Siz) —unit input on transporting a unit of product 
(resource) 1 by routes (i—j), (k—i), (i—k); 
vt —adjusted costs of carrying out variant f 


of the development of section q of the trans- 
port system. 


VARIABLES 

x —rate of variant r for the development of in- 
dustrial centre i; 

Vii —delivery of product (resource) J produced in 
industrial centre i to industrial centre j; 

ifn —delivery of product (resource) / from sup- 
plier k to industrial centre i; 

Yin —delivery of product (resource) / from indus- 
trial centre i to consumer k; 

zh —rate of variant f of the development of 


section g of the transport system. 
We write down the mathematical model’of the problem as 
follows: 
Find 2) 0; ys > 0; yri > 0; yine0; 2f >O0 that 
will satisfy the following constraints. 
An obligatory distribution of product / produced in in- 
dustrial centre i is considered: 


» AVai— 3 vi D va=0 WETTED). 8.4) 


reR, JEINA 


The demand of centre i’s industries for product (resource) 
must be met: 


PSs Byatt > ve yriceO (i€7,1EL). (8.2) 


eR, 


The load on a section of the transport system of the com- 
plex is built up allowing for transit traffic and the possible 
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carrying capacity: 
= ) as Bidiiyis— > va yy Bidkiyha — 


7€I LEL GEINA i€l lEL REK, 


— >>) Dd) Bidkiykit + Dizk>N* (q€Q). (8.3) 


i€f LEL ne 


Targets for the delivery of products (resources) outside the 
complex must be met: 


Di Yin > Gh (LE L; kE K,). (8.4) 
7€ 


The limitations on the import of products (resources) into 
the complex must be observed: 
Dyk (LE L; KEK). (8.5) 
i€l 


The following choice of development variant is envisaged: 
(i) for industrial centres 


Dae Ge ees (8.6) 
"ER, (for all i and r). 
(ii) for sections of the transport system 
0) 
Deeley (9 EO) me ey (8.7) 
fe Fg 


(for all g and f). 


The' grand total of the aggregate adjusted costs of the 
organising and functioning of the complex’s economy must 
be minimal: 


yer sy Wile t 
Dy Dy eat Dy dy Dd) siyigt 


i€l reR, 4€L EL GEINi 
SNS Deal onset fet Hed Sif ° 
ye ay Sy SRiYhi yy es 23 SinYint ») ou Ug2q—> TO1N. 
i€l IEL REK, i€l lEL REK, qeQ fEFq 


(8.8) 


2. THE ECONOMIC SENSE OF THE MODEL’S 
CONSTRAINTS 


Several possible industrial centres are distinguished within the 
complex being considered, linked together by transport lines, 
power lines, “and other communications. Several deyelop- 
ment variants are considered for each centre, differing in 
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the composition, scale, and specialisation of industrial en- 
terprises, sources of supply of resources of sectoral signifi- 
cance, and zones of consumption of their output. The ex- 
istence of centres with only one enterprise is permitted. 

Both existing and planned centres are treated in the 
model. 

In the plan period it is possible to reconstruct the economy 
of existing centres without adding new enterprises of the 
specialisation industries in order (a) to extend production 
of individual products, (b) to improve the provision of 
housing, cultural institutions, and amenities, (c) to improve 
sanitary and hygienic conditions, and so on. The variants 
of reconstruction may differ from one another in the capacity 
of enterprises and the number of people in settlements, the 
set of auxiliary and service industries, the variants for 
reconstructing a centre’s system of municipal engineering 
works and communications, and so on. It is also possible to 
build new facilities in existing industrial centres. 

The variants for the development of new centres provide 
for a combination of industrial enterprises, people’s settle- 
ments, and engineering and transport communications in 
the appropriate area, that call for a certain quantity of 
resources, produce a given set of products, and are characte- 
rised by capital and current costs of their building and 
functioning. 

Each variant of a centre must meet the sanitary, hygienic, 
and other territorial planning requirements laid down for it. 
The limitations on the industrial and built-up area and 
water resources of any one sub-areal are taken into account 
in the forming of a centre; and variants are considered for the 
treatment and disposal of effluents, the features of the 
area’s microclimate are taken into account, and so on. 

So that the selection of centre’s development variants 
will satisfy the requirement of proportionality in the devel- 
opment of interconnected industries, the input-output mat- 
rix of the production and distribution of output (8.1) is con- 
sidered in the model. The definition of the set of products 
and resources depends on the production structure of the 
planned complex’s economy. Two identical products pro- 
duced by,different enterprises of a centre are treated as different 
products. The system of equations (8.2) represents the con- 
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straints on satisfying the demand of centres for needed prod- 
ucts and resources. 

The carrying capacity of transport communications within 
a complex, and the magnitude of capital and operation 
costs, depend on their development variants. The transport 
routes of all products (resources) are planned according to 
the appropriate sections of the system. The model’s con- 
straints (8.3) mean that the total volume of freight carried 
by sections of the transport system must not exceed their 
carrying capacity under the appropriate development variants 
of these sections. The amount of transit traffic is taken into 
account through the introduction of a requirement for 
transit traffic on the right-hand side of constraint (8.3). 

A separate group of constraints characterises the complex’s 
main external economic links with other units of the national 
economy. Thus constraints (8.4) reflect the target for ship- 
ping certain products and resources, produced mainly by 
the complex’s specialisation industries, out of the complex, 
while constraint (8.5) reflects the possibility of bringing in 
certain products and resources of regional and inter-regional 
significance (capital investments, labour, certain scarce 
types of output). 

The optimality criterion of the problem reflects the re- 
quirement of minimising aggregate total inputs on creating 
and operating the complex’s economy. 

The function designators include the normalised inputs 
by development variants of the industrial centres and sec- 
tions of the transport system, and the normalised unit trans- 
port inputs. 

The adjusted costs of developing a separate centre 
(ci) reflect the outlays on engineering preparation and area 
development, including the specialisation, auxiliary, and 
service industries, expenditure on building and operating 
housing, cultural and public utilities, and amenities, and 
the inputs on municipal engineering works of importance 
for the whole centre. These data are taken from the drafts 
of the project and design institutes concerned. 

The normalised inputs on developing an individual centre 
are calculated by means of the following formula: 


‘obi o [> Kj? + Kictpy + Kieenty] + 2) 2 NP + Nictpy + Nicent)» 
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in which K}? —is the capital investment on building en- 
terprise p in an industrial centre 7 under 
variant r of the centre’s development; 


Ki (tp) —is the capital investment on the town plan- 
ning and building of industrial centre i 
under variant r of its development; 

Kent) —is the capital investment of centre i’s auxil- 
iary and service economy and its municipal 
engineering public works and communica- 
tions; and r variant of its development; 

NP —is the costs of production of industrial en- 
terprise p under variant r of its development 
in industrial centre i less the cost of raw 
materials and supplies; 


Ni'tp —is the currentcosts of housing and _ public 
utilities and institutions serving the public 
living in industrial centre i, under variant r 
of its development; 


N% went) —is the current costs of exploiting centre’ 
i’s auxiliary and service economy and its 
systems and public works. 

The adjusted costs of developing the sections of the 
transport system (v}) and the unit costs of transporting 
products and resources by traffic routes (sj;, sii) are inter- 
dependent and are calculated by the appropriate norms, 
allowing for the conditions of the locality through which 
the trunk transport lines pass, and the factors raising the 
cost of building them. Railways, roads, water transport, 
pipelines, and other forms of intercentre transport are con- 
sidered in accordance with their significance. The indices 
vi are calculated for all possible variants of the development 


of each section of the transport system of the relevant type of 


transport. The indices Sis and shi are calculated for each 
traffic route, and differentiated by type of freight. 

The solution of the problem of the location of industry 
has to be analysed; in particular the development plan and 
the scheme for the location of enterprises in a sectoral break- 
down, the organisation plans and settlement scheme for the 
various industrial centres, the scheme for the location of 
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elements of the complex’s economy as a whole, and the plan 
for the exploitation and development of trunk transport 
lines are examined in detail. 

The aim of the analysis in sectoral break-down is to com- 
pare the efficiency of facilities of the same type, identify 
those for immediate construction, investigate sites, clarify 
the reasons dictating this choice, and so on. Very close 
attention is paid in this to the main specialisation industries 
of the complex’s economy. 

The location plan obtained for the specialisation indus- 
tries can be analysed by comparing (a) all the variants of 
their location and development either given or introduced 
into the optimum plan, and (b) the various schedules of 
input involved by these variants. The aim of analysing 
an industrial centre’s development plan is to clarify the 
factors most affecting choice of its industrial structure. This 
is done by comparing the conditions (factors) of the opera- 
tion of enterprises and of the settlement of workers in the 
territories (sub-areals) of the centres, by virtue of which 
there are higher or lower outlays on the complex as a whole. 
The shadow prices of output and consumption are used for 
this purpose. 

The aim of analysing the location plan of a complex’s 
economy as a whole is to make a general analysis of the 
solution obtained, which must reflect the location and scale 
of development of industrial enterprises on its territory, 
the system and the size of settlements, the development of 
the transport system and of water mains, sewerage, etc., 
and the composition, intensity, and direction of the produc- 
tion links of enterprises and industrial centres. 
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MODEL OF AN INDUSTRIAL CENTRE’S 
SPATIAL STRUCTURE 


V, S. Zverev and V. Yu. Malov 


1. FORMULATION AND MATHEMATICAL EGONOMIG 
MODEL OF THE PROBLEM 


Industrial centres and agglomerations are the main territo- 
rial industrial combinations within a complex. By an in- 
dustrial centre we mean the aggregate of sites of production 
activities and population united by a common production 
and social infrastructure. A concentration of several indus- 
trial centres in a limited area forms an agglomeration. The 
location of the main industrial centres of a territorial in- 
dustrial complex and their industrial specialisation and 
external connections are determined by means of the model 
of a complex’s spatial structure. But at that stage of the 
investigation such matters as the jiocation of enterprises of 
a centre’s specialisation industries by sub-areals, and their 
combination in a sub-areal, the scale of development and 
location of the facilities of the production and social infra- 
structure of intracentre significance, the distribution of 
population within a centre, the functional zoning of a centre 
and the distinguishing of industrial and built-up areas and 
green zones, recreation spots, and so on, have not been decid- 
ed. Thus, when a centre’s spatial structure is being modelled, 
the problem is to determine the variant of the functional 
zoning of its area, the distribution of enterprises by individual 
sub-areals and their combinations within sub-areals, the 
development of the production and social infrastructure, the 
distribution of population that will ensure minimum inputs, 
while observing its planned living conditions, on the building 
and functioning of the industrial enterprises* and facilities 
of the centre and of the production and social infrastructure, 
on municipal amenities and public transport. A sine qua non 
of this is the meeting of output targets by the centre’s 
enterprises. 

Solving of the problem as formulated requires taking the 
following factors into account: 


_ .* Only those enterprises are considered that determine a centre’s 
industrial structure. Any others will be covered by “facilities”. 
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(a) the target for setting the production capacities of the 
enterprises in the centre; 

(b) the connections between enterprises in joint exploita- 
tion of resources, the centre’s municipal engineering services, 
and auxiliary facilities of local significance; 

(c) the conditions for the distribution and employment of 
each category of labour by settlements and spheres of ac- 
tivity; 

(d) the conditions for the building and development of 
the centre’s municipal engineering services and auxiliary 
facilities of local importance, and for the exploitation of 
resources; 

(e) the conditions for organising the centre’s population 
settlements. 

For that purpose corresponding constraints (equations 
and inequalities) are introduced into the model. The effect 
of these factors can be taken partially into account by the 
designators of the objective function, for which the mini- 
mum adjusted costs of the functioning of the centre asa 
whole serve as the indices. 

The objects of modelling in optimising a centre’s spatial 
structure are the combinations of new and existing enter- 
prises, separate enterprises or groups of jointly located 
existing enterprises, sections of the centre’s system of munic- 
ipal engineering services and the municipal facilities as- 
sociated with it, the access railway lines to sub-areals, 
the sectors of the sub-areals, the scale of commuting, popu- 
lation settlements, and the manpower reserves. 

The field of acceptance of solutions for these objects is 
decided by the possibility of selecting sites for locating and 
combining enterprises within a _ sub-areal, of utilising 
various elements of the infrastructure for all enterprises, 
the scale of exploitation of the carrying capacity of sections 
of the centre’s municipal engineering services and the capaci- 
ties of the facilities associated with them, the shape and 
degree of exploitation of the access ways to sub-areals, the 
scale of utilisation of the area for various sub-areals, the 
number of workers commuting to various work places. The 
formulation of the problem proposed is embodied in a math- 
ematical economic model, for the formal writing of which 
the following notation is used. 


13% 


els 


n 
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INDICES AND SETS 


—index of an enterprise of the specialisation 
industries (j € /); 

—set of the enterprises of a centre’s speciali- 
sation industries; 


—index of sectors (and access ways) of the 
sub-areal of a centre; 


—set of the sectors within the centre being 
studied; 


—set of the housing areas within a centre’s 
territory; 


—index of the group of enterprises in sector k 
(q € Q:); 

—set of possible groups of enterprises in sec- 
tor k; 

—set of groups of enterprises in the sector 
that includes enterprise j; 

—index of the centre’s municipal engineering 
services (VY € 0); 

—set of the types of systems of the centre’s 
municipal engineering services; 

—index of an object of the point infrastructure 
ensuring functioning of the engineering 
services (64 € U Az); 

h 

—set of objects 6, in sector &; 

—index of a section of the system of engineer- 
ing services; 

—set of the sections of the system abutting 
directly on object 64; 

—set of the sections of the system of engineer- 
ing services 4p; 

—index of a form of access road or railway; 


—set of the sidings and access roads to sectors 
(roads, railway lines, etc.); 


—index of a group of areas in a sector; 


= 40: 6 


a! 
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—set of the groups of areas of sector k differing 
from one another in scale of the inputs in 
preparing them for industrial building; 

—index of a category of labour (u,—male 
labour; ,—female labour; u € 9); 

—set of a category of manpower; 

—index of the use of manpower as _ inter- 
changeable; 

—index of a variant of the functioning or 
exploitation of production facilities or re- 
sources (r€ Ry U Rs UR; no variants of 
the functioning of facilities of the spe- 
cialisation industries are differentiated by 
capacity); 

—set of the variants of the technical equip- 
ping of sectors of the system of engineering 
services of type %p; 

—set of the capacity variants of object 6; 


—set of the variants for organising a housing 
area. 


MATRIX COEFFICIENTS 


—output of product (type j) of the q group of 
enterprises per unit rate of functioning of 
this group; 

—utilisation of the carrying capacity of sec- 
tor 4 of engineering services system wp by the 
gq group of enterprises per unit rate of 
functioning of this group; 


—utilisation of the carrying capacity of sec- 
tor A of system wp of the engineering services 
per head of population; 

—utilisation of the carrying capacity of 
access way k of type q of the q group of 
enterprises; 

—demand for p-category labour corresponding 
to the g group of enterprises and objects 


Burk 
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5» for different variants r of their develop- 
ment (r € Re); 
Te —demand of the enterprises and facilities 
v already mentioned for interchangeable la- 
bour (r € Rs); 

—size of the area occupied by facility dy 
under development variant 7; 

—total area occupied by the enterprises of 
group q, 

—increment of carrying capacity of section A 
of system wp of engineering services through 
implementing development variant r (r € 
E Ry); 

—increment of the capacity of facility 6, 
hrough implementing¥development variant 

(r € Ro); 

—increment of population growth under var- 
iant r of development of housing rea k 
(k € K, r€ R); 
demographic load factor; 
coefficient of the ratio of male and female 
labour in the population; 

—specific weight in the total population of 
workers of category « employed in the 
services sphere; 

—specific weight in the total population of 
labour of category pL; 


—maximum specific weight of labour of 
category w employable in the facilities of 
sector k (k € K), in the total population of 


housing area k (k € K). 


CONSTRAINTS 


—area of group n in sector k. 


qr 


SS, 


gar 
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FUNCTION DESIGNATORS 


—adjusted costs of the building and func- 
tioning in sector k of the group q of enter- 
prises using different systems of engineering 
services of the same type w, and different 
sectors A of these systems; 

—adjusted costs of the building and func- 
tioning of sector A of system w of engineering 
services under development variant 7; 

—adjusted costs of the building and func- 
tioning of facility 6, under variant r of the 
production capacity increment; 


—adjusted costs of the building and func- 
tioning of the @-type of access to sector k; 

—adjusted costs of developing the terri- 
tory of group xv in sector k; 


—adjusted costs of commuting one worker 
from housing area k to facilities in sector k; 


—adjusted costs of the building and func- 


tioning of housing area k& under variant r 
for its development (not including the value 
of previously created assets of the municipal 
infrastructure); 

—input associated with the maintenance of 
one member of the able-bodied population 
who is not involved in social production. 


VARIABLES 


—rate of functioning of the q group of enter- 
prises in sector k, using different sectors A 
of different system of p-type engineering 
services; 


- —rate of utilisation of the carrying capacity 


of sector A of the w system of engineering 
services under development variant r (r € 


€ Ry); 
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ey" —rate of functioning of facility 5, under 
variant r of the increment of production 
capacity (r € Rs wy 

—rate of development of group n of the ter- 


Xn 
ritory of sector k; 

ae —rate of utilisation of type @ access to sec- 
tor k; 

an —numbers of category » manpower in housing 
area k employed on facilities located in 
sector k; 

pee —the same for interchangeable labour of cate- 
gory [, 

Pe —rate of utilisation of variant r of the devel- 

hi 


opment of housing area k; 
bes gba —numbers of men and women respectively, 
2 not employed in social production in hous- 
ing area k. 
We write the model of the spatial structure of an indus- 
trial centre as follows: 
nba 


Find the non-negative values of 2°", c¥", xy", xpp, 


a9 Oe eae az, ye, yt, that will satisfy the following con- 
straints. 
Each of the given enterprises of the specialisation indus- 


tries must be sited within the industrial centre: 


P . 1 for gEQ; 
eva bays ston 1 (ie, =| 5 0 ee (9.4) 


kek g€Q; WED AEA, 


The carrying capacity of all sectors of each type of system 
of engineering services must meet the needs of the facilities 
utilising that sector: 


es De Tie?" z pa feat po vac — 


REK q€Q, REK r€R 
ae » A x07 <0 (NE Ay, PED). (9.2) 
"She 


The rate of utilisation of the individual variants of the 
development of the sectors of each type of system of engi- 
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neering services must not exceed their nominal carrying 
capacity: 


2 <4 (ME Ay, PED, rE Ry). (9.3) 


Correspondence of the capacity of interconnected facilities 
of the point and linear infrastructure must be ensured for 
all types of system of engineering services: 


~} APv’abyr— SY AM aH S0 (PED). (9.4) 


reRe ERS TER y 


The rate of utilisation of the individual variants for the 
development of facilities of the point infrastructure will not 
exceed their nominal capacity: 


my <1 (8yEU Ans TE Bo,). (9.5) 


The carrying capacity of all types of access way abutting 
on the separate sectors of the sub-areal will meet the freight 
needs of all the facilities located in these sectors: 

Did) WR — ak <0 (KEK, pE®, 7EQx). (9-6) 
PED 2EA,, 
The area used in each sector will satisfy the needs of all 
the facilities located in that sector: 
S) OD) spel SY styratyr— 
qEQ, VED AEA,, dyEAp TERS 
— >) tin<0 (KER). (9.7) 
nENp, 

The area employed by each group in a sector must not 
exceed that available: 

Tan<Sk (KEK, n€ Ny). (9.8) 

The total labour force employed by the facilities of each 
sector must meet the needs of all the facilities of that sector: 

(i) by separate categories 

Sede ll cate or De Banshee’ 21 HE. <0 


GEQ, VED AEA, ByEAp TERS, ReK 
(wE 0, KEK); (9.9) 
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(ii) as wba interchangeability 


ieee Tt th > »y Th by? — 


a, Hew MEA, 6 (ED, rER5y, 
— thas | he (KE K). (9.10) 
ReK ice 


The scale (capacity) of each housing area is determined 
by the number of workers settled in it: 


v Dy dy, ten) it Bin) ba + 
ug — 2 Apa; <0 (REIK). (9.41) 


r€R 


The rate of utilisation of the different variants for build- 
ing housing areas must not exceed their nominal capacity: 


ae<i (kEK,réR). (9.12) 


The numbers of male and female labour in all housing 
areas must correspond to certain proportions between them: 


(1+ey,) > i +o — ve + en) 3D) i +) — 
—ye+y,’=0 eR). (9.13) 


Employment of the male and female labour of each hous- 
ing area on remotely located jobs is limited: 


Et 6 ty 2) Ane 0 (he Ke he, WES), Wigite) 
r€R 
The aggregate input on the building and functioning of 


all groups of enterprises and all created facilities of the 
industrial centre must be minimal: 


YY Pete 4 YD cvrewr 


qEQp, REK ped nN » PED AEA, TERy, 
S 
DD) cOytadyr + pire Di Oth bd), ot, Chntha te 
+> > dye cae eee 
Teh ar i Rk 
Dy Di egae-+ De (yet ty") > min. (9.15) 


ee r€R Z 
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2. THE ECONOMIC SENSE OF THE MODEL’S 
CONSTRAINTS 


The effect of the factors considered in the formulation of the 
problem on the location of enterprises is reflected either 
directly in the model through the introduction of correspond- 
ing constraints or indirectly through the function designators. 

The special feature of an industrial centre is the fact that 
the technological connections between its enterprises do not 
have autonomous significance because the inputs on effecting 
them are taken into account through the enterprises’ use of 
elements of the production infrastructure (access ways, sepa- 
rate types of engineering services, and so on). The siting 
of technologically connected enterprises in one sector ex- 
cludes any need to use several elements of the infrastructure 
(and in some cases to build them) and makes it possible to 
reduce inputs on the organisation and functioning of the 
centre as a whole. Only the indirect connections between 
enterprises arising from use of the production and social 
infrastructure, local resources, and labour are, therefore, 
considered in the model. 

The location of enterprises in the different sectors of the 
sub-areal of an industrial centre, and the different variants 
of their concentration (groups) in one sector, presuppose. a 
dissimilar degree of utilisation of the carrying capacity of 
the sectors of the systems of engineering services (water 
mains, heat mains, electricity supply lines, sewerage, etc.). 
That presents an opportunity of using different variants of 
the equipping of these sectors; the size of the inputs per unit 
of the resources delivered to enterprises will consequently 
vary. The total consumption of resources by enterprises, 
however, will remain unaltered since the prodnction capa- 
cities of enterprises of the specialisation industries will 
remain the same for the centre under all variants of their 
functioning [equation (9.1)]. By virtue of that a different 
location of enterprises leads to a change in the value of the 
total input on the building and functioning of the centre. 
In order to allow for possible changes in the size of the inputs, 
two groups of constraints are introduced into the model: 
namely (9.2) and (9.3). The inequalities (9.2) are intended 
to determine the carrying capacity of thesectors of the engi- 
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neering services needed for the functioning of enterprises 
under different schemes of their location in the centre. 
Taking account of the requirement of minimising inputs as 
a whole for the centre gives these inequalities the role of a 
connecting link between the location scheme of enterprises 
and the development of the engineering services, which are 
an important element of the production infrastructure. The 
inequalities (9.3) represent the constraints on the choice of 
variants of the functioning of sectors of the engineering 
services with different carrying capacities. 

A whole number of facilities of the point infrastructure 
(sub-stations of the electricity system, pumping stations, 
sewage farms, filtering beds, etc.) are connected with the 
engineering services. This link finds reflection through the 
system of inequalities (9.4). The capacity of the facilities 
needed for functioning of the sectors of the services under 
the different variants of carrying capacity is determined by 
means of constraints (9.4). 

The identification of facilities of the point infrastructure 
and the survey of different variants by capacity in the 
model are associated with the fact that the specific inputs 
on the building and functioning of a unit of capacity depend 
on the latter’s size, and eventually on how many facilities 
are to be built and what the capacity of the individual facil- 
ities will be. The variant of their functioning that corre- 
sponds to their determined capacity is selected through con- 
straint (9.5). 

One of the essential elements of the production infra- 
structure of a centre is transport. At this stage of the inves- 
tigation the access ways to the sectors of its area are treated 
as autonomous objects in the model. Their carrying capacity 
is assumed to be adequate to carry the freight traffic of all 
enterprises that could be built in the sector. For that purpose 
allowance must be made for the fact that the siting of even 
one enterprise in a sector calls for the building of access ways. 
The correlations of this type are represented by the system of 
inequalities (9.6). 

The effect of access ways on the location scheme for enter- 
prises in a centre makes itself felt through a saving in inputs 
on their construction and exploitation when a different 
number of sectors is employed by industry. If all the sectors 


INDUSTRIAL CENTRE’S SPATIAL STRUCTURE 205 


are utilised the total input will be maximum; a reduction is 
possible by concentrating enterprises in a minimum number 
of sectors. It is desirable from the angle of reducing inputs 
on the access ways of an enterprise to concentrate on some 
of the centre’s sectors. This, however, can have negative 
consequences linked with the conditions for exploiting the 
area of each sector. Initially enterprises will use that part 
of a sector’s territory (industrial sub-areal) for which devel- 
opment costs are minimal. Then as the need for space 
within a given sector increases, industrial sub-areals less 
suitable for industry, and with higher development inputs, 
will be developed. This is allowed for in the model through 
the system of inequalities (9.7) and (9.8). Constraints (9.7) 
help determine enterprises’ general need for the land of a 
sector and indicate possible ways of satisfying this need. 
Constraints (9.8) define the maximum possible scale of the 
industrial sub-areal calling for a certain input on engineering 
preparation. 

One of the most important factors determining the siting 
of enterprises in a centre is labour. Its effects are various. 

(14) The effect of labour comes out in the inputs on work- 
ers’ commuting between a centre’s housing estates and their 
places of work. The latter are taken as the sectors of the 
proposed location of groups of enterprises and facilities. 
The location of such groups in sectors remote from housing 
estates calls for large inputs on the transportation of workers, 
and increases the grand total of inputs on the building and 
functioning of the centre. There are two ways of reducing 
these inputs: (a) by changing the location of the enterprises 
and facilities mentioned in such a way that commuting to 
places of work will call for lower inputs; or (b) by arranging 
settlement in the centre in a corresponding way. This recip- 
rocal effect of the schemes for siting enterprises and facili- 
ties and for settlement is reflected in the systems of ine- 
qualities (9.9) and (9.10). 

(2) The effect of labour on the location of groups of enter- 
prises and facilities in a centre makes itself felt through a 
difference in the inputs on providing the population with 
services in the various housing estates and under different 
variants of the centre’s development. As a rule, both differ- 
ences are manifested at the same time, which calls for con- 
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sideration of all possible variants of the development of 
housing estates when the problem of their scale is solved, 
which is done by means of constraints (9.11). The possibility 
of one variant or another for developing a housing estate 
being chosen is determined by the inequalities (9.12). 

(3) The effect of labour is also manifested through a differ- 
ence in the structure of employed and available manpower 
in the residential areas (neighbourhoods). These differences 
can arise as a consequence of the sectoral structure assigned 
to the centre and the specific location of groups of enterprises 
and facilities in it. 

With a given structure of the specialisation industries it 
will be impossible to reduce inputs on providing services 
for the labour brought into the centre but not employed. 
Only labour of certain categories, obviously, can be fully 
employed. To take that into account the extended structure 
of labour (men and women separately) is considered in the 
model. The employment of labour by each category, allowing 
for ils partial interchangeability, is considered in constraints 
(9.40). 

With a change in the location of enterprises and facilities 
the inputs on providing services for the public may be al- 
tered in magnitude. This possibility is due to two factors. 
(1) The enterprises of the various industries employ male 
and female labour to different degrees. The combinations 
of enterprises in sectors can, therefore, be so chosen that 
their demand for certain categories of labour will correspond 
in the aggregate to the structure of the latter in the neigh- 
bouring housing areas. (2) There is a certain accessibility of 
enterprises for part of the population as regards travelling 
time. Here, too, inputs on providing services for the public 
can be reduced by the siting of enterprises and by the choice 
of appropriate combinations of them in sectors, reducing 
the total numbers of people by separate housing estates or 
in the centre as a whole. 

The employment of labour at distant facilities is taken 
into account in the model by means of the inequalities 
(9.14), while correspondence of the structure of the manpower 
available in the composition of the population and employed 
in the centre’s economy is taken into account by means of 
equations (9.13). 
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The model’s objective function (9.15) reflects the require- 
ment of minimising inputs on the building and functioning 
of the centre within the context of the enumerated con- 
straints. By virtue of that the function includes the adjusted 
costs of the building and operation of groups of enterprises 
in different sectors, the engineering services and their as- 
sociated facilities, and access ways, on developing the ter- 
ritory of sectors, on providing services for the manpower in 
the centre’s housing estates, and on workers’ commuting to 
work. 

The links between the different elements of a centre s 
economy not reflected in the model’s constraints are also 
reflected through the function designators. These are the 
links between enterprises that do not fail into one group or 
another, between the different systems of engineering serv- 
ices, between the facilities associated with these different 
systems, between the elements of the centre’s economy 
enumerated above and the access ways to sectors, and be- 
tween all these elements and the manpower resources, and 
so on. The system of links listed here is varied and complex 
and exerts a great influence on the location of enterprises 
in an industrial centre, and on the composition and devel- 
oping of its production and social infrastructure. 


10 


MODEL OF THE PROCESS OF FORMING 
A TERRITORIAL INDUSTRIAL COMPLEX 


L, I. Sevastyanov 


1. FORMULATION AND MATHEMATICAL ECONOMIC 
MODEL OF THE PROBLEM 


In addition to determining the production structure and 
scheme for the spatial organisation of the economy the plans 
for forming a territorial industrial complex also include 
such matters as establishing the sequence for building in- 
dustrial enterprises and other facilities of all industries and 
deciding the sequence for developing each type of mineral 
deposit not considered in the models described above. These 
matters must be decided in close conjunction with the prob- 
lem of organising the network of inhabited places (system of 
settlement) and developing the building industry. 

The building industry performs a most important role in 
the development of a complex’s economy. In the early stages 
of development it composes a large part of the population. 
Later, however, its role is not so decisive, since the demand 
on its capacities diminishes as the building programme is 
completed; and when the work of building the region’s pro- 
duction infrastructure and developing the towns has been 
finished, its role consists (a) in maintaining the volume of 
production at a certain level and carrying out urban building 
in accordance with the rate of natural population growth 
and the tasks of improving public and cultural amenities and 
services, and (2) in carrying out major 1epairs and technical 
re-equipping of both productive and non-productive fixed 
assets. Thus, it becomes important, and paramount, to 
decide such matters as substantiation of the volume, se- 
quence, and duration of building work, and of the develop- 
ment and siting of the enterprises of the local building mate- 
rials industry and of prefabrication factories. 

In complexes with a predominance of extractive industry 
a factor like the limited nature of the reserves in individual 
deposits has a vital effect on the development and location 
of the facilities of industry and of the technical and social 
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and amenities infrastructure. In that connection matters of 
the spatial organisation of industry and shaping of the sys- 
tem of settlement must be decided, allowing for the duration 
of the town-forming functions of each of the units of the 
extractive industries. 

The productive and non-productive fixed assets built in 
various periods of the development of a complex, and their 
volume and location, substantially determine the develop- 
ment and location of industrial and services facilities in 
subsequent periods. It is, therefore, also necessary to allow 
in the model for the development of a complex, for the tem- 
poral links of the planning objects as well as considering 
their spatial connections in separate periods (years). All 
this calls fer a dynamic approach to solving matters of the 
forming of a complex, which must be reflected in the for- 
mulation and the mathematical economic model of the 
problem. 

Optimisation of the forming of a complex consists in 
determining a long-range plan of the development and location 
of the complementary and building industries, the social and 
services infrastructure, the economic, cultural, social and 
amenity functions of the industrial centres by separate stages 
of the complex’s development that will ensure fulfilment of the 
output targets for products of the specialisation industries, 
taking into account the factors of the spatial organisation of 
industry and of the services sphere, with minimum aggregate 
inputs on the building and exploitation of all elements of 
the complex’s economy, including its social and amenity infra- 
structure, while observing the conditions for the population’s 
standard of living and the employment of labour. In other 
words, the problem of this stage of intraregional territorial 
industrial planning is to optimise the process of the forming 
of a complex. In doing that much attention is paid to en- 
suring certain conditions as regards the population’s stand- 
ard of living. 

One of the indicators of the population’s standard of 
living is leisure, the significance of which is growing as the 
well-being of the working people rises. The degree of leisure 
largely decides the level of an individual’s intellectual devel- 
opment and sometimes, too, determines his or her physical 
development and health. 


14-0375 
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A factor affecting the amount of leisure is the location of 
residential zones and places of work, and the location and 
organisation of the work of services and cultural facilities. 
The population of cities spend less time on visiting cultural 
and service institutions than do the population of small 
inhabited points, who have to journey from one village or 
community to another for separate types of service; workers 
in large communities, however, spend much time travelling 
to and from work, because the built-up and industrial zones 
of a town must, according to hygienic planning norms, be 
separated. The bigger a town the longer the average com- 
muting distance (journey) to work, other things being equal, 
and the longer the average time taken. 

Large communities built in regions of development of the 
extractive industries may serve a larger number of mineral 
deposits than smaller ones. The average distance to the 
deposits is, therefore, longer from large communities than 
from small ones. (Another relationship between the size of 
a community and the length of the journey to work is not 
excluded.) A similar position exists in areas of the lumbering 
industry and certain other industries in which the objects 
of the application of labour are fixed in location (e.g. agri- 
culture). From this aspect workers living in small commu- 
nities have certain advantages, and spend less time travel- 
ling to work than the inhabitants of bigger ones. 

The time spent on journeying to work and for cultural 
and welfare services reduces leisure and diminishes a per- 
son's opportunities for efficient recreation and intellectual 
development. Attention has, therefore, to be paid to this 
expenditure of the public’s time when matters of settlement 
are being decided. It can be reflected in the mathematical 
and economic model by analogy with other components of 
the standard of well-being when the constraints for types of 
service and manpower are being established, or when the 
coefficients by which each of the modes of settlement is 
described are being calculated. But if we assume that the 
main components of the standard of well-being (housing 
conditions, public utilities, shops, medical, social, and 
cultural services, public catering, the character of work, 
opportunities for choosing and changing jobs, and for spend- 
ing leisure time) are the same in the different variants of 
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settlement, and that these variants differ from each other 
solely in amount of leisure (which is determined by the 
extent of the expenditure of time on journeys to work and 
for cultural and public services), then the following state- 
ment will probably be correct: the best variant of settlement 
is that under which the public spends the least time on com- 
muting. 

The level of provision of housing and cultural and munici- 
pal services for the population of a certain area, and conse- 
quently their opportunities of employing their leisure, are 
determined at one of the stages of optimal territorial indus- 
trial planning that precedes solution of the problems of 
organising and developing a complex, i.e. these indicators 
can be considered as given. The indices describing the char- 
acter of work and opportunities of choosing and changing 
jobs can also be taken as given, after the optimal problems 
of systems of higher rank have been solved. The differences 
between variants of settlement will thus consist solely in 
the different extent of the public’s expenditure of time on 
commuting (to work and for services), i.e. may be realised 
in the given conditions of optimising the organisation of 
a complex, not only in minimum aggregate inputs on the 
building and exploitation of the set of facilities of industry 
and technical and social services infrastructure but also in 
a minimum expenditure of the public’s time on commuting. 

It is assumed that the output volume of the specialisation 
industries (in a break-down by separate enterprises) and the 
limits on deliveries of various types of resource from outside 
will be known before the problem is tackled. The following 
matters are solved for each period of the development of a 
complex when the process of forming it is being optimised: 

(a) the direction and rate of freight traffic and other 
connections between the complex’s production facilities; 

(b) the structure, scale of development, and economic, 
cultural, and social and welfare functions of the complex’s 
industrial centres; 

(c) the direction and intensity of cultural, social, and 
welfare links between industrial centres; 

(d) the forms of developing new areas and the regimes of 
work and rest in production facilities located at a consider- 
able distance from communities; 
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(e) the distribution, reproduction, employment, and mi- 
gration of labour and the location of population by centres 
of the complex; 

(f) the distribution of freight traffic due to complementary 
industries among the different types of transport, the use 
of the transport system, and determination of the paths of 
development of its constituent sectors. 

When these problems are being solved the following must 
be taken into account: the technological links between enter- 
prises and production activities and the effect of their mutual 
location within the complex; the volume and proportions 
of the development and location of each of the planning 
objects existing at the beginning of each of the periods 
considered; the length of the production cycle of the building 
of new industrial and services facilities; the possibility of 
employing one and the same local and outside resources for 
the building, functioning, and further development of 
production units of the various branches of the production 
and social infrastructure; the conditions of the structure, 
reproduction, employment, and migration of labour and 
population; the carrying capacity of the transport system’s 
sections and its opportunities for growth under different 
variants of development. 

The effect of these factors is taken into account during 
the modelling of the forming of a complex either directly, 
by introducing appropriate equations and inequalities, or 
indirectly by including the inputs caused by them in the 
function designators. 

In order to allow for the features of the functioning, loca- 
tion, and effect of all units of the complex’s economy on the 
organisation of communities, these units are divided into 
two groups: 

(1) enterprises, institutions, and organisations of town- 
forming significance (town-forming objects), and 

(2) facilities of the urban social and municipal infra- 
structure, which includes enterprises and institutions pro- 
viding cultural and social amenities; administrative insti- 
tutions, and so on, serving the given inhabited point. Town- 
forming objects are all industrial, power, and agricultural 
enterprises and warehouses (with the exception of these 
serving only the public of a given settlement), enterprises, 
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institutions, and other facilities of outside transport (rail, 
marine, river, air, and road transport, and pipelines), 
building and research and development institutions, higher 
and specialised educational establishments, health resort 
institutions (resorts and convalescent homes, holiday cent- 
res, etc.), administrative, social, and economic institutions 
of extra-city or extra-community significance, facilities of 
intercommunity cultural and public services that town- 
planning standards and rules require to be located in one 
of the group of settlements, and whose composition and 
capacity are calculated so as to cater for the inhabitants of 
the whole group of communities. The workers and employees 
of town-forming objects belong to the group of town-form- 
ing personnel, while the workers of the local urban social 
and amenity infrastructure belong to the group of service 
personnel. 

This grouping of a complex’s enterprises, institutions, and 
organisations, and of their staffs, ensures unification of the 
objects of planning in the mathematical economic model 
of the organising of a complex that we present below. The 
following notation is used in the model. 


INDICES AND SETS 


if —set of sub-areals suitable for locating com- 
munities and town-forming objects (j € J,), 
including sub-areals lying outside the eco- 
nomic region being considered; 


i, L —elements of set 7 (i € 7, LE 1); 

I, —sub-sets of sub-areals (communities) located 
within the region under consideration (/4< 
aang Bi 

J —set of the town-forming objects (enterprises, 


organisations, institutions, etc.), including 
facilities of the social and amenity infra- 
structure of intercommunity significance 
and sections of the transport system; 

i Wi —indices of town-forming objects (7 €/, f€ 


E J); 
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Jy —sub-set of objects 7, f located within com- 
munities (J; C J); 
Fal —sub-set of town-forming objects either locat- 


ed in communities i, / or attracted to them 
by transport lines and consumption of nat- 
ural resources (J; CJ, J; C J); 


¥.. —sub-set of town-forming objects that are 
sections of the transport system (J, Cc J); 

vn —sub-set of objects j offering products (serv- 

< . 

ices) of type q (J, < J); 

Q —set of the types of product and service under 
consideration; 

q —-indices of the separate types of product or 
service (q¢ € Q); 

Q, —sub-set of non-transportable types of prod- 
uct or service (Q, € Q): 

Qs —sub-set of types of product for which output 
targets have been fixed (Q, Cc Q); 

Qs —sub-set of types of product of building or- 
ganisations (Q; < Q); 

Qy —sub-set of the types of product and service 


of facilities of the social and amenity infra- 
structure of intercommunity significance 


(a < Q); 

R; —set of development variants of object j; 

r —indices of development variants of objects 
(r € R;); 

S —set of types of natural resource (land, water, 
atmosphere, etc.); 

s —indices of the various types of natural re- 
source (s € S); 

T —set of the indices of the periods under review 
in the region’s development (JT = {1,2,... 

{0%} 

t,i+o —indices of the elements of set 7 (t€ T; 
{¢ + 9} € 7); 

Ul —categories of labour by sex (u € M, M = 


= {1, 2}; » = 1—men, » = 2—women); 


— 
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—set of limited resources; 

—indices of separate types of limited resource 
(0 € P); 

—set of routes possible on the region’s trans- 
port system; 


—indices of the elements of set V ( € W); 
—sub-set of routes running over sector j 


ene 8B 


—sub-set of routes for shipping out product 
Ce aa) 


MATRIX COEFFICIENTS 


a;'—labour productivity of worker of section j 
of the transport system developed in period 
t under variant r, in the indices of carrying 
capacity; 


a;;—output per worker of product (service) 
of type g by object j, developed in pe- 
riod ¢ under variant 7; 


dq—average production per worker engaged 
in type q building work,’as planned for 
the last of the periods under consid- 
eration; . 

b,—coefficient of the conversion of a unit 
of product (type g) into the index of the 
volume of freight; 


ba, bi; °—quantity of g-type product or service 
needed in period t, ¢ + @ forthe complex 
of objects of a town’s social and amenity 
infrastructure, per worker of communi- 
Ly =o; 

bij, b°'G4®—quantity of g-type product or service 
per worker needed in period ¢, t+ 
for object f being developed by vari- 
SYN nee 
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by—average volume of q-type building work 
per worker planned for period Tt; 


b%:—demand per worker for natural resource 
s for the functioning of object j in period 
t by variant 7; 


bi—demand per worker for natural resource 
s for the functioning of facilities of the 
town’s social and amenity infrastruc- 
ture in period f; 


b'__quantity of o-type limited resource 
needed per worker for object 7 being de- 
veloped by variant r in period f¢; 


gip—volume of raw materials, supplies, fuel, 
and other freights along route yp, needed 
per worker for the functioning of produc- 
tion facility f being developed by var- 
iant r in period f; 


p;'—specific weight of interchangeable male 
and female labour in the total demand 
for labour of facility 7 being developed 
by variant r in period f; 


pui—specific weight of u-category labour in 
the total labour needs of facility j. 
being developed by variant r in period 2; 


at—coefficient of the possible use of g-type 
product in period ¢ produced in the pre- 
ceding period; 

o'—specific weight of town-forming people 
in the total population in period f; 


Bor—quantity of g-type product or service 
needed per worker of community / for 
major repairs and upkeep of the set of 
facilities of the town's social and amenity 
infrastructure at the standard of serv- 
ices envisaged for period f; 


rt “eae a é nat . 
Bo;—quantity of g-type product or service 
needed per worker for major repairs and 
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upkeep of facility f, being developed by 
variant r at the standard of technical 
equipping of similar facilities in peri- 
od ¢; 


Yj,-—number of working males (per arriving 
woman worker) arriving in the families of 
women in period ¢ drawn to community 

i to meet a shortage of female labour; 


i,—number of working females (per ar- 
riving male worker) arriving in communi- 
ty i in period ¢ as a second member of 
families attracted to the community to 
meet a shortage of male labour; 


€,—growth factor in period ¢ of manpower 
of uw category compared with the preced- 
ing period (allowing for natural repro- 
duction); 
ey ™™ gf ™X__coefficients defining the minimum and 
maximum ratios of male and female la- 
bour in community i in period 7; 


Aj, —number of working males leaving com- 
munity i in period ¢ together with fe- 
male workers (per working women leaving 
the community due to a fall in the de- 
mand for female labour); 


Aj,—number of working women leaving com- 
munity i in period ¢ as second members 
of families (per male worker leaving 
the community due to a fall in the de- 
mand for male labour); 


vi? , va t® —the part of the demand for q-type prod- 
uct or service that must be produced 
in period ¢ to ensure commissioning of 
the set of facilities of the town social 
and amenity infrastructure of communi- 
ty l in period t, ¢ + q; 

va, viet*® the part of the demand for q-type prod- 
uct or service that must be produced in 
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period ¢ so as to commission facility f 
under variant r in period ¢, t+ q; 

Ty —specific weight of p-category labour in 
the total labour needs of the facilities of 
the town social and amenity infrastruc- 
ture in period f; 

n'—specific weight of interchangeable male 
and female labour in the total needs of 
the facilities of the town social and;amen- 
ity infrastructure in period ¢; 


w'—specific weight of the service personnel 
employed in the facilities of the town 
social and amenity infrastructure in the 
total population in period f. 


CONSTRAINTS 


A‘,—planned volume of output of g-type product by fa- 
cility j in period ¢; 


Ag —planned output target for q-type product in period f¢; 


t . . ° 
By —maximum consumption of natural resource s in sub- 
areal i in period 7; 


t : 2 as : 
Bj—maximum consumption of limited resource p in 
period ¢; 


F’'—minimum number of workers of object j for its func- 
tioning in period ¢ by variant r; 

Gi—transit freight traffic on section j of the transport 
system in period ¢; 


P%;—number of workers of community i employed at the 
beginning of the plan period at facility j being de- 
veloped by variant r; 


P’,,—number of u-category workers, settled in community 
i at the beginning of the plan period, employed in 
production activities that preclude substitution of 
male and female labour; 
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Ajy—amount of u-category labour not utilised in commu- 
nity i before the beginning of the plan period; 


TIj,—number of workers of category p, settled in commu- 
nity i at the beginning of the plan period, employed 
in production activities permitting interchange of 
male and female labour; 


@;'—maximum number of workers of facility 7 under its 
functioning by variant r in period f; 

Q'—maximum import of labour to the complex in pe- 
riod ¢. 


FUNCTION DESIGNATORS 


c};—discounted time-value of inputs on exploiting fa-- 
cility j (being developed by variant r) in period t 
(per employee of this facility settled in communi- 
ty 7); 

cj—discounted time-value of inputs on exploiting the 
set of facilities in period ¢ of the town social and 
amenity infrastructure of community i per working 
person; 


hi,— discounted time-value of inputs per worker associat- 
ed with maintaining non-employed labour of cate- 
gory w in period ¢ in community i (i.e. penalty for 
non-use of labour); 


h;—discounted time-value of inputs per employee asso- 
ciated with the maintenance in period ¢ of unused 
fixed assets of the previously built set of facilities 
of the town social and amenity infrastructure of 
community i; 

k;;—discounted time-value of inputs per worker employed 
in facility j, living in community i, needed to create 
this facility in period ¢ by variant r; 


ki—discounted time-value of inputs needed to create in 
period ¢ the set of facilities of the town social and 
amenity infrastructure of community i per worker, 
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5;;—discounted time-value of the capital investment per 
worker in community i needed to bring facility j, 
being developed by variant r, up to the standard of 
technical equipping of similar facilities in period 7; 


6;—discounted time-value of the capital investment per 
worker needed to operate the facilities of the town 
social and amenity infrastructure of community i 
at the standard of services envisaged for period 1; 


x3, —discounted time-value of inputs on attracting one 
worker of category uw to community i in period ¢ 
(fares, moving and daily travelling allowances, etc.). 


Xqify—discounted time-value of inputs on transporting a 
unit of g-type product or service in period ¢ from 
facility j to facility f along route »; 


Xoi~p—discounted time-value of inputs on transporting a 
unit of product or service (q-type) in period ¢ from 
facility 7 to community / by route »; 


xij» —discounted time-value of inputs on shipping a unit 
of q-type product produced by facility 7 out of the 
complex by route w in period ¢; 


Tojmp—time spent per worker by the residents of community 
1 on obtaining a unit of g-type service rendered by 
a cultural or service facility of intercommunity 
significance j, using route vp; 


t;'—time spent per worker of community i, employed at 
facility j functioning by variant r, on commuting 
to work in period ¢. 


UNKNOWNS 


t t : . 
Win, Uip—labour of category pw not employed in communi- 
ties i and lJ in period f¢; 
t t . : : : = 
Vi;, Vi7—reduction in period t on the preceding period of 
the number of workers of community i employed 


at facilities 7 and f, being developed by variant r; 
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Vip —amount of labour of category uw leaving commu- 
nity t in period f¢; 


vi, vj—variables expressing the volume of the previously 
built town social and amenity infrastructure in 
communities i and / not utilised in period f; 


wy, wii—increment in period ¢ on the preceding period in 
the number of workers of community i employed 
at facilities j and f being developed by variant r; 


Wi,—amount of labour of category p attracted to com- 
munity i in period ¢; 
wi, w}—number of workers of communities i and J not 
served at the beginning of period ¢ by already 
existing facilities of the town social and amenity 
infrastructure; 


ris, xij—number of workers of community i employed in © 
period ¢ at facility j and f being developed by 
variant 7; 


Pip j,—number of workers of category p settled in com- 
munities i and / employed in period ¢ in indus- 
tries in which male and female labour is not 
interchangeable; 


Yins Yiy— number of workers of category u settled in com- 
munities i and / employed in period ¢ in indus- 
tries in which male and female labour is inter- 
changeable; 


Zqifp— quantity of q-type product or service produced 
by facility 7 and conveyed by route » for the 
needs of facility f in period 7; 


Zoilp— quantity of g-type product or service produced by 
facility j and conveyed by route wp for the needs 
of the town-forming objects and the facilities 
of the town social and amenity infrastructure of 
community / in period 7; 

Zajp—quantity of qg-type product produced by facility 7 
for shipment out of the complex in period ¢ by 
route %p. 
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The mathematical economic model of the problem of opti- 
mising the forming of a complex is written as follows in the 
notation adopted: 

Find 


vin >O, viis0, vip 0, vid, wif 0, wip0, wi>0, 
aif >0, tip 0; Yin =O, Bape Zalip 0; ripe AL 
that will satisfy the constraints listed below. 


The production and distribution of all types of products 
and services other than transport is balanced in each period: 


\) al bork " t 
>) >) atti — >) Dd) ahity— 
ier rR, feINT, PEW 
a] ) i ) Eb t 
— >) pa Zgilp — y » Og” Zaity — 
lel Weg fEINT , WEL g 
a | | t t 
— SD) a zityp— Dy 2p 0 (FES q, GEO; FET); (10.1) 
(EI peg peg 
re ‘| Bert 
» 2 ater pa pa Zein — 2 sipipiait? bofxiz — 
Feat JES g DEV g i 1 rR; 
A) t(t 
aS Sy Rh i ee 
i€I r€R; i€I r€R; 
y rt r,t—1 \) eae 
— > pa Amis i EDD) Bapvie 0 


tlre ier reR,; 


Dy 2a Baitwt Dy : aZajp— 21 Dd) Dy batt} — 
q 


te pEevg JET q vel fed, reR; 


t(t ; 
— “ie >>) Vol oti w wi; ay ¥ » vai by Paw t+O 
fer FEI) r€R; wel fed) reR; 


t-1 7 % 
2 Pe Bore} +>) | > “ivit— 


fats, ne 7€l fed , TERY 


1a t = t(t)pt _ t 
ps batin— » 5 5 Daiwin — ae Oi — va bi wi — 
t(t+q@) ia t+@ 
Valle Ogiea ly ore Y pets! — a Bai Yin moms 
w 


—— Bavin —Bavl*S>0 (q€Q,,1E1,tET). (10.3) 
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Targets are fixed for the output of separate types of prod- 
uct for facilities of the specialisation industries in each 
period: 

Dy dy ita (FETq, GEQa, CET). (10.4) 
tel TER ; 

The carrying capacity of each section of the transport 


system will ensure carriage both of freights generated by 
the complex’s enterprises and of transit traffic: 


eS Sea 
a€I PEW, i€l FEI TER, 
==>) DD) bata GF (EI tr ER tT). (10.5) 
pew, qeQ, JET g 
The number of workers of each community employed at the 
various town-forming objects is made up in any period of 
the workers employed at them in the preceding period plus 


the increment (or minus the decline) due to a change in 
volume of production or productivity: 


aij— xj! —wistvy7=0 (ET, 7€J,rER;, tET). (10.6) 


The total number of men and women employed in social 
production (on town-forming objects and in the services 
sphere) for each community is determined separately in all 
periods by the processes of production and management that 
preclude or permit interchangeability of male and female 
labour: 


t 
Dd > (Sait vis) ech =0 (EL, we M, t€7); (10.7) 
JET reR; a 
t 
MD (Gattpi') ch — S yin=0 eT, ter). (10.8) 
jeJreR, Went 
In all the periods considered the reproduction, employ- 


ment, and migration of the male and female labour of each 
community are balanced: 


t t t t prot et t. t-1 t iss 


(i€T, we M, t€7). (10.9) 
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For that purpose the effect on the sex structure of the la- 
bour force of the ratio of men and women among those com- 
ing to a community and those leaving is taken into’ ac- 
count in all the periods considered: 


vi2Wi1—Wi2<0 (ET, t€T7); (10.10) 
Novia —vin2 <0 (GEL, tET); (10.11) 
Vir— Muvin 0 (iE T,, tET); (10.12) 
wi—yawies0 (Gel, te). (10.43) 
The quantity of male and female labour in each of the 


complex’s communities must correspond in all periods to 
certain proportions between them: 


03 mint t, min, ¢ 
pe Wie Ue X42 — 0; WSO 


= Gur as (EH, wad); (40.14) 
De Ui Waa, te Oe 
— 07 ne (ab, SPER (10.45) 


The volume of work on building the town social and amen- 
ity infrastructure is defined for each community in all the 
periods considered, or the unutilised part is revealed: 


>» ohare 5 (eu 1) i wt » (eu 4) yin + 


eM 
7} P B| = f 
+ > et ui — >) Vip—ve?—wi+v} =0 
meM WeM 


(EI, t€T). (10.16) 


The total capacity of the complex’s building organisations 
in the last of the periods considered is fixed at a level ade- 
quate to ensure extension and modernisation of production, 
meet population growth through natural reproduction, im- 
prove cultural and social services and amenities, and carry 
out major repairs of fixed productive and non-productive 
assets: 


DS oe ae 
fel jeJq reR, ler vem 
—>2 a Dy OG Yin 20 (7 € Qs). (10.17) 


(er eM 
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The limited nature of its natural resources is taken into 
account in each Parlor, for each sub-areal: 


SN SS AS GRIP RS > tet t t 
Ric, en Oty 1 stip + i, bsYinp + oy b in = = By 
i 


eee onre cers (40.18) 
The exploitation of limited resources in each period must 
not exceed the limits set: 
D2) 2 be t<B, (PEP, LET). (40.19) 
‘el Jes ER; 
The applicability of some variants of the development of 


town-forming objects is limited by certain minimum and 
maximum dimensions, i.e. 


De 20, LFS, OF} FE, NER ALET). (10.20) 


The an of the permitted influx of labour into the com- 
plex in each period is taken into account where necessary: 
DY 2) Win<Q* (ET). (10.24) 
i€T, weM 
The number of workers in existing town-forming objects, 
and the total labour available at the beginning of the first 
period considered, are also taken into account for communi- 
ties (sub-areals): 
eg aE in lt’ God Gols Tee thy); (10.22) 
ty=Pipys Y= vip =A (CEZ,nEM). (10.23) 
The optimisation of developing an industrial complex is 
broken down in turn into two criteria: (i) into the minimum 
aggregate discounted time-values of the inputs on building 
and exploiting the set of town-forming objects and of the 
town social amenity infrastructure: 


1 Op AD PIM ch; oF; Ven: 


tEeT ie€l Jed reR; 


+E DS DY Wo) wy 


t€T i€l j€J TER ; 


+>) we ya (ci+ ar 6) 2in + Dy Ls, (ci+—8!] yin + 
teT i€l pweEM ath 1e€T i€I pEM Uo 
15—0375 
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+> pap {hin +e tipi) ha + 


t€T i€l nem 
>; > a (vin Se ) @ip + 
teT i€l uit 
+S Dd = ooh + DD Hui 
téT icI pEeM ey t€T i€l 
+> Dd Av+ DD DD D airwzairw+ 
teT iel t€T q€Qi i€l, fEINT 7 PEG 


+ DD De Dy MadteZainy + 


t€T 9€Q1 JEJq LEI PEW, 


+ Dy Dy MaiZaip fp (10.24) 


teT geQy JES g wer, 


and (ii) into the minimum expenditure of time by the popu- 
lation’s commuting connected with satisfying their need 
for services of the appropriate facilities of intercommunity 
significance: 
Ih=> Yd tei t DD DD DD saya. 
teT i€l jfJ TER, t€T q€Q4 JES lel pew, 


(10.25) 


The optimum plans obtained from criteria (10.24) and 
(40.25) are co-ordinated by using one of the methods of solv- 
ing linear programming problems with several objective 
functions. A compromise plan X° is obtained as a result of 
solving the linear programming problem, for which the fol- 
lowing notations are used: 


X,and X,—the optimum vectors of the plans correspond- 
ing to the first and second criteria; 

d, and d,—unknown variables expressing the rate of 
using the optimum plans according, respec- 


tively, to the first and second criterion, in the 
compromise plan; 


L,X ,—value of the objective function (40.24) obtained 
by solving the problem for the first criterion; 
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£,X,—value of the objective function (40.24) corre- 
sponding to the optimum plan by the second 
criterion; 

L,X,—magnitude of the objective function (10.25) 
when the problem is solved by the second cri- 
terion; 

L,X,—magnitude of the objective function (10.25) 
corresponding to the optimum plan obtained 
by solving the problem by the first criterion; 

yn —relative magnitude of the maximum deviation 
in respect of both criteria when the compromise 
plan X°® is used. 

The problem consists in finding values of d, > 0, d, >0, 
and 7 > 0, such as will ensure a minimum deviation in 
the compromise plan X° from the optimum plans obtained 
by solving the problem by the first and second criteria, i.e. 
to obtain the minimum linear form 


Po = 4 (40.26) 
with the constraints 

L,X,—11X> 2 fs 97 
a alee dy =U; (10.27) 
ee eo (10.28) 

LzXo 
d, +d, = 1. (10.29) 

The compromise plan is obtained as 

Mees id Kytd, Xs. (40.30) 


2. THE ECONOMIC SENSE OF THE MODEL’S 
CONSTRAINTS 


Integrated development of the economy of a territorial indus- 
trial complex must ensure satisfaction of the needs of the 
town-forming objects and population of each town or com- 
munity for various kinds of product or service. This is en- 
sured in the mathematical model by input-output matrices of 
the production and distribution of goods and_ services 
[(40.1)-(10.3)]. Depending on the specific conditions of the 


£5 * 
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complex’s organisation these balances can envisage utilisa- 
tion of the capacities of appropriate enterprises, organisa- 
tions, and institutions located both within the territory 
under review and outside it, which makes it possible to find 
the most efficient way of locating and developing the produc- 
tion of goods and services, taking intraregional and inter- 
regional connections into account. 

It is assumed [in (10.2) and (10.3)] that work on major re- 
pairs, technical improvement of fixed assets, and improving 
services for the public is done during each period reviewed, 
but that it is possible to transfer their fulfilment (in whole or 
in part) to preceding periods, which can be expressed in the 
model by the coefficients vii, vist, vd}?, and val't® 
as is done in regard to providing fixed assets for the incre- 
ment in numbers of workers and population. These coef- 
ficients reflect the specific nature of the making of products 
with a long production cycle, e.g. the building and assem- 
bly work. When the demand of most industries for goods is 
being determined, therefore, the values of the coefficients 
are taken as zero, i.e. the scale of demand for goods and 
services of the current operation of facilities is determined 


at the established consumption norms solely bj; and aj"! 
by the rate of the variables 24}, CARE vue and Wie 


The coefficients a and a,*' are also taken as zero with 
variables that express volumes of freights for those types of 
product that cannot be produced and stored until the de- 
mand arises. 

Constraints (10.4), which reflect fulfilment of the assign- 
ments for production of separate types of product by each of 
the facilities of the specialisation industries in each period, 
may take the form given below in certain cases, in particu- 
lar when the development of separate complexes is modelled 
outside the group of mathematical economic models consid- 
ered in this monograph, when matters associated with de- 
termining the optimum parameters and spatial structure are 
resolved simultaneously with optimisation of the process 
of forming a complex: 


i€l JET g TER; 


Dd Di dy agitis>Ag (GE Qe, t€7), 
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i.e. the output targets for the separate types of product of 
the specialisation industries are set for the complex as a 
whole in each period. 

The sections of the transport system are treated in the 
proposed model as town-forming objects j € J, (J, J), 
whose volumes of production are measured by the indices 
of carrying capacity [see constraint (10.5), which provides 
for development of the complex’s transport system under the 
impact of the freight traffic generated by its enterprises 
plus transit freights]. 

Analysis of the process of forming a complex calls for 
consideration of the temporal connections of the objects of 
planning as well as of their spatial connections. For town- 
forming objects this link is ensured by a system of balanced 
equations (10.6), each of which provides for taking account 
of changes in the number of workers at a facility through | 
the effect of the dynamics of output and productivity. Con- 
straint (10.6) also serves as the basis for a dynamic approach 
to the generation of inputs on the building, functioning, 
and development of town-forming objects and to defining 
the volume of building and assembly work in each of the 
periods [see constraints (10.2) and (10.3)]. 

All the processes of production and management in town- 
forming objects and facilities of the municipal infrastructure 
can be arbitrarily divided into three groups. The first two 
preclude interchangeability of male and female labour, i.e. 
employ the labour either of men or of women only. The third 
group is formed by processes in which male and female la- 
bour may be interchanged. An important condition of the 
organisation of a production complex is that of ensuring 
correspondence between the demand for male and female la- 
bour and the availability of manpower of the appropriate 
category. The demand for labour in each of the group of 
production and management processes distinguished above 
is determined in a community break-down in each period 
by means of equations in the form of (10.7) and (10.8), while 
the input-output matrices of male and female labour (tak- 
ing their reproduction, employment, and migration into 
account) are determined by the system of equations (10.9). 

The variable uj, introduced into equations (10.9) above 
is explained as the number of labour of category u in com- 
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munity i not employed in period t. This means that they 
are not being employed directly in the production and man- 
agement processes being effected in each period, but may be 
employed in training personnel for operating new, im- 
proved machinery and equipment and controlling new tech- 
nological processes, which is necessary in the conditions of 
the scientific and technical revolution. On the other hand, 
with a dynamic formulation of the problem of the forming of 
a complex, it is not excluded that it may be more profitable 
in certain conditions to maintain unutilised reserves than to 
lose them, if a growth in volume of production is planned in 
subsequent periods. In such cases these labour reserves are 
treated as the source for covering labour shortages [see 


variable wi,’ in constraint (40.9)). 

The need to attract male and female labour to each com- 
munity or a surplus of labour depends on the sex structure 
of the working people living in it, the increment in their 
numbers through natural growth, and the ratio of males and 
females among the workers arriving and departing. Some 
of the men attracted to the complex’s facilities to cover a 
shortage of male labour arrive with families, and the female 
members of these families (if there is provision for their 
children in pre-school institutions) may take part in social 
production (additional reserves of female labour). Similar- 
ly, working women recruited to the complex may have males 
of employable age in their families. A reduction in the de- 
mand for male labour, and the departure of men caused by 
that, is associated with a reduction in the number of female 
workers, while a fall in the demand for female labour will 
entail the departure of a certain number of male workers. 
The constraints for observance of definite ratios of men and 
women in the number of workers arriving in a complex’s 
communities and leaving them are represented in the model 
by the inequalities (10.10) to (10.13) inclusive. 

The special features of the forming of a complex’s popu- 
lation and manpower will not be sufficiently accurately tak- 
en into account unless the rate of change of its sex structure 
in each community is reflected in the model. The ensuring 
of definite proportions between male and female labour is 
provided for by constraints (10.14) and (410.415), which per- 


mit them to fluctuate within the limits 07 ™™ and @}™**, 
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The introduction of upper and lower limits is also pos- 
sible in constraints (10.10) to (10.13) inclusive, by which 
the ratios of men and women among migrating workers are 
determined. 

The data on the number of migrating workers in the period 
under review, the increase in the number of workers through 
natural increase, and the existence of a negative balance of 
migration in the preceding period serve as the basis in equa- 
tions (10.16) for determining the volume of work on build- 
ing the town social and amenity infrastructure and dis- 
covering its unutilised part for each community. 

When the forming and development of a complex is treat- 
ed dynamically, it is necessary to reckon with the fact 
that this process is not finished in the last of the periods 
reviewed, and that there will be a certain extension and 
improvement of production in subsequent years, growth of 
the population through natural increase, a raising of the 
standard of cultural amenities and services, and an improve- 
ment in the technical equipping of the facilities of this 
part of the infrastructure, and also major capital repairs to 
fixed assets. All that will call for the performance of a cer- 
tain volume of building and assembly work. The numbers 
of building workers needed for these purposes are provided 
for by inequalities (410.17). 

For sub-areals with limited land, water, and other natural 
resources a limit is set on the exploitation of each of them 
[see (10.18). 

The separate variants of the development of town-forming 
objects may be linked with the exploitation of limited re- 
sources, for which a maximum volume of consumption is set 
by constraints (10.19). Such limitations (depending on the 
specific features of each resource) may take their consump- 
tion by the facilities of the town social amenity in- 
frastructure into account, and may also be established in a 
break-down of the separate sub-areals. The limited scale of 
imports of labour into the complex to cover shortages in 
both town-forming objects and facilities of the town in- 
frastructure, for instance, is taken into account by inequali- 
ties (10.21). 

In providing for choice of the most efficient variants for 
developing objects in the course of optimising the forming 
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of a complex, it is necessary to allow for the fact that the 
technieal and economic characteristics proper to them hold 
only within a certain scale of application, the permissible 
limits of which are set by constraints (10.20). 

Constraints (10.22) and (10.23) are written into the model 
as rigorous equalities. That means that we must count on 
the possibility, at the beginning of the period, of employing 
labour on the same objects, by the same variants, and in 
the same communities as in the preceding period. That 
approach is natural if there are no doubts about the expedi- 
ency and efficiency of the actual distribution and employ- 


ment of manpower. But it is quite permissible to treat the 
values P%;, Pi, Tin, and Ain simply as upper limits of the 


application, distribution, and employment of manpower, 
and even, when feasible, to exclude them altogether or in 

art. 
i When the problem is solved by criterion (40.24),*the follow- 
ing are taken into account: the operating costs of existing 
enterprises; the capital investment on building new town- 
forming objects and technically re-equipping previously 
built ones; the inputs on exploiting facilities of the town 
social and amenity infrastructure; the inputs on upkeeping 
idle fixed assets of the infrastructure associated with the 
maintenance of population of working age not employed on 
social preduction and with the migration of workers; and 
also inputs on transporting products.® 

Optimisation by criterion (10.25) provides information on 
the minimum irrational expenditure of time by the public 
and makes it possible to bring out the variant of the plan 
for forming the complex that most closely corresponds to the 
public’s interest, in the context of the constraints considered. 

The compromise plan (10.30) makes it possible, to some 
extent, to co-ordinate the interests of the economic authori- 
ties and those of the complex’s population, and to determine 
at what price (in the conditions considered) a saving can be 
made in the time the"public spends on commuting and jour- 
neys for cultural, household pwrposes and amenities. 
@ The ways of building and operating the objects of the 
complex whose rate of application in the optimum plan 
depends on what criterion is used in the optimisation are 
distinguished from one another in the model (10.1) to (10.25) 
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inclusive by the methods of developing the area, the forms 
of organising building and cultural and other social ameni- 
ties and services,” by work and rest regimes and other fea- 
tures that permit their joint realisation in one and the same 
object. This circumstance, and the non-integer character of 
most of the variables, allows us to conclude that the com- 
promise plan obtained from the co-ordination will not be 
contradicted by the content of the means involved in it, 
and that its implementation will not give rise tospecial 
difficulties. 

Deviations from the planned lines may arise during the 
practical implementation of the optimum plan for the form- 
ing of a complex, owing to the need to employ less efficient 
means of building and operating the objects, or to factors 
that were not taken into account when the problem was for- 
mulated. The future forming of the complex has to take 
these deviations into account, which calls for introducing 
appropriate amendments and adjustments into the optimum 
plan obtained earlier. Once the established position has 
been fixed !by constraints of the type of (10.22) and (10.23), 
the optimum path for the complex’s further development 
can be determined, allowing for all the deviations from the 
previously planned programme for its formation’ arising at 
this time, i.e. the model of the forming of a complex can 
also be employed as a tool of the process of controlling its 
building and functioning. 

In this way the model of the forming of a complex makes 
it possible to take account of the main economic factors in 
the development of its economy, and of certain social factors, 
and can be employed to control the process of forming it. 


Part III APPLIED STUDIES OF INDIVIDUAL 
PROBLEMS 
OF OPTIMISING THE FORMING 
OF A COMPLEX 


14 


THE SPECIFIC FEATURES OF TERRITORIAL 
INDUSTRIAL REGIONAL MESOMODELS 


M<SYu. Cherevikina 


In pre-planning studies for optimising the economy of terri- 
torial systems of mesolevel (economic region, intraregional 
territorial industrial combinations) the problem of deter- 
mining the best variant for the spatial structure of each com- 
bination’s economy is singled out. 

Problems of this type arise during analysis of combinations 
of three ranks: namely, an economic region as a whole; a 
large territorial industrial complex within a region; and a 
separate industrial centre or agglomeration of centres. The 
different scales of the objects of research and the existence 
of specific features of each of them as a planning object 
necessitated the development of special mathematical eco- 
nomic models: namely, models of the spatial structure of 
the system of complexes in a region; models of a complex’s 
spatial structure; and models of an industrial centre’s spa- 
tial structure. 

The main problem treated by means of these models is 
that of the location of industry. It is their industrial bias 
that differentiates these models from the others of the group 
that resolve problems of the dynamics of development, of 
the forming of elements of the infrastructure, and of migra- 
tion and the population’s standard of living, which can be 
joined with two other types of problem: namely, those of 
analysing the process of forming separate territorial indus- 
trial combinations, and those of determining the variant 
for shaping the separate elements of the infrastructure and 
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the plan for building the combinations. The models for de- 
termining the best variant of the spatial structure of a com- 
bination’s economy therefore belong to those of the terri- 
torial industrial type. 

Problems of siting industry are also considered in sectoral 
(industrial) models, but models of the territorial industrial 
type differ from them in allowing for the aggregate effect of 
regional factors (infrastructure, local resources), with the 
result that the main territorial industrial combinations of a 
region are delineated together with the location of industry. 
Sectoral models have to pay greater attention to the spe- 
cialisation of industry by output of some product by some 
technological method. 

Problems of the location of industry in territorial systems 
are studied at macrolevel as well as at mesolevel. In spite 
of the fact, however, that the main economic elements of 
any territorial system are three groups of factors (industry, 
area, and manpower), the effect of each group on the devel- 
opment of systems of different level is not the same. At 
macrolevel, for instance, when the country as a whole func- 
tions as the territorial system, the greatest eflect is exerted 
on it by the spatial functioning of industry, which is charac- 
terised by a difference in the coefficients of demand-output 
of products by regions, and by transport and the special 
(dual) role of population (which functions as both consumer 
and manpower). The territorial factors (local resources, in- 
frastructure) affect a system’s development indirectly, 
through the different spatial conditions of the development of 
industry and the provision of a certain standard of living 
for the population. 

Production, as before, has a decisive effect on the develop- 
ment of territorial systems of mesolevel (regions, complexes). 
But the relationship between a system’s groups of elements 
varies, above all, since its place in the territorial division 
of labour has already been determined, i.e. its deliveries 
of output of its specialisation industries are known, and 
the production links of these industries are not, as a rule, 
decisive in determining the spatial structure of a mesolevel 
system’s economy. The effect of production consists already 
in the very necessity of its location in the given area. This 
formulation of the problem necessitates allowing for terri- 
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torial elements in a different way and their representation 
as autonomous objects of study. At mesolevel population 
plays the role of local production reserves. The aim of such 
a territorial system is to reduce inputs on implementing the 
production programme set by the higher-standing system. 

At microlevel (industrial centre, city) the relationship 
between the elements of territorial systems differs from that 
of the two foregoing levels. At this stage production is deter- 
mined, in practice, and the infrastructure (production and 
social) and manpower (its settlement) begin to play the main 
role. 

The territorial models describing systems of various level 
reflect the differences in relationship of the system’s ele- 
ments both in their structure and in the principles of their 
construction. Territorial industrial regional mesomodels 
differ essentially from models of the macro- and microlevels. 
The mathematical expression of the production constraints 
for optimising a multisector, inter-regional model (model of 
a higher level), for instance, is an intersectoral matrix, since 
a decisive role in the location of industries at that level is 
played by intersectoral connections. The mathematical 
expression of the production block of these models is an 
input-output type of limitation. The matrix characterising 
the production block, however, is not the intersectoral input- 
output table. In microlevel models the production block is 
transformed into a constraint on the capacity of production 
activities. The infrastructure and local resources, which are 
taken into account in models of a higher level through the 
coefficients of the intersectoral input-output matrix, are 
represented in mesomodels by two types of constraint: name- 
ly, (a) input-output matrices in which the formation (involve- 
ment) of the infrastructure (resource) is reflected; and (b) 
limitations from above on volume (rate of utilisation). The 
representation of the infrastructure (local resources) in 
microlevel models is similar to that in mesomodels but is 
more detailed. 

A most important characteristic of a model is the mathe- 
matical form and economic sense of the objective function. 
The objective function in territorial industrial mesomodels 
is the minimum aggregate normalised inputs on the build- 
ing and functioning of production units. It is characteristic 
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thatfalljthe variables enter the function with non-zero'coef- 
ficients, i.e. inputs are accounted for element by element. 
This form of objective function makes the links of the sys- 
tem more rigid and the properties of the models: more defi- 
nite, which corresponds to the premise adopted on the place 
of the mesolevel territorial systems in the economy’s system. 
In the models of a higher level the objective function is the 
variable set of end products with a single coefficient. The 
problem is solved for the maximum of end product in the 
given production range. This form of function provides less 
rigid links between the system’s elements and makes the 
model’s properties less rigorous. The objective functions of 
micro- and mesomodels coincide, although others are also 
possible at microlevel (functions of maximum non-working 
time, of minimum travelling time, etc.). 

Territorial industrial regional mesomodels are thus spa- 
tial, since the area is represented by several points (areals, 
industrial centres, location sites), and optimising models, 
whose objective functions are the minimum aggregate nor- 
malised inputs on carrying out the region’s programme. 

The special reflection of the effect of regional factors (in- 
frastructure, and local resources) on the location of indus- 
try operates as the characteristic property of these meso- 
models, the regional conditions of the location of industry 
being brought out in the special objects of investigation. 
The formalisation adopted in the models, with the singling- 
out of utilisation matrices and of limitations on the consump- 
tion of resources, makes it possible to allow for the effect 
of partial consumption of resources and to provide more de- 
tailed information about the location plan obtained. 

The specific properties of territorial industrial models 
include a division of the objects of modelling by mode of 
comparison with the spatial system being studied. All the 
objects are divided into two groups, as follows: 

(a) point objects—in exact conformity with the territorial 
unit of location being investigated, when the territorial 
unit of location is an attribute of the object; the objects 
include the production activities of the specialisation 
industries, facilities of the infrastructure (transport 
junctions, electricity sub-stations, facilities of the build- 
ing industry like factories prefabricating concrete de- 
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tails, etc., treated as production activities), and local 
resources; 

(2) linear objects—not conforming exactly with the terri- 
torial unit of location, i.e. compared with two or more 
objects of the spatial system; linear objects include the 
transport and power systems. 

The output of the facilities of these groups may be mobile 
or non-mobile. In the first case (mobile output) there is an 
additional kind of variable that reflects the possible carriage 
of output between facilities of different units of location. 
These variables tie up the input-output matrices of the distri- 
bution of products with the constraints describing the shap- 
ing of the transport system. It should be noted, however, 
that formalisation is possible without identifying additional 
variables reflecting transport and economic links. Such a 
formalisation is expedient when the production activities 
being considered do not affect the change in the charac- 
teristics of the existing transport system. 

Production and local resources (including labour) are 
represented in regional mesomodels by point objects with 
mobile output, in accordance with the classification adopted. 
The infrastructure may include objects of both types. All 
systems (transport and power) are classed as spatial objects, 
while all junctions or nodes, and some elements of the build- 
ing industry, are treated as point objects. The elements of 
the building industry are treated either as production activ- 
ities and represented in the model as enterprises or as local 
resources, i.e. point objects with non-mobile output, de- 
pending on the rank of the territorial-industrial combination. 

The following notation is used when considering territo- 
rial industrial models. 


INDICES AND SETS 


j—index of production activities and enterprises lo- 

cated in the system (region, complex) (j € J); 

i, v—indices of products and resources (i, v €J; I = 
m h 


= UY La, (Vee ons 
a=1 a=1 
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Z,—sub-set of the {products of the specialisation in- 
dustries; 


I,, I,—sub-sets of products of complementary industries, 
I, being extractive industries, J, service in- 
dustries; 

I,—sub-set of products brought in from outside the 
system and not produced within it; 
k, p, k’—indices of the units of territory * (areal, industri- 
al centre); (k, p € K); 
pp—indices of elements of the infrastructure (p, @ € 
E®@, gED, YU ®,); 

@,— elements of the infrastructure relating to transport; 
@,—elements of the infrastructure relating to power; 
n—objective variant of the use of land and water 

resources (used for industrial and civil building, 
farming, etc.) (nm € NV); 

u, p’—categories of labour (u, pw’ € M); 

r—variants of functioning, utilisation, input 


12 12 
(Ce: me AU tea: in Ra=@); 


R,—sub-set of variants of the functioning of produc- 
tion activities (enterprises); 

R,—sub-set of variants of the functioning of the build- 
ing industry; 

R,—sub-set of variants of the working of deposits; 

R,—sub-set of variants of the functioning of local power 
systems; 


* The set of areals (industrial centres) is sub-divided as follows, 

depending on the way of reflecting transport-production links in the 
models, into: 
(a) a ‘network’ rep esentation of transport links K = K, U Kg, in 
which K, is the sub-set of the boundary areals of the region through 
which the system’s imports and exports are made, and Ky is the sub- 
set of interior areals; : 
(b) fixed transport economic links reflected in the variants of a produc- 
tion activity’s (enterprise’s) development K = Kj; U M;, in which 
K, is the sub-set of areals (industrial centres) in which production activ- 
ity (enterprise) j is located, and M; is the sub-set of areals (industrial 
centres) in which deposit i of raw materials is located. 
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R;—sub-set of variants of the development (of section 
pk) of power transmission lines; 

R,—sub-set of variants of the reconstruction of a sin- 
gle-track section (pk) of the transport system; 

R,—sub-set of variants of the building (reconstruction) 
of a single-track section (pk) of the transport 
system; 

'Rg—sub-set of variants of the functioning of transport 
junctions; 

Ry—sub-set of variants of, the functioning of heat 
sources; 

R,)—sub-set of variants of the grading of land re- 
sources; 
R,,—sub-set of variants of the grading of water re- 

sources; 
Ry .—sub-set of variants of the development of a town. 


UNKNOWNS 


xi,—vate of functioning of production activity (enter- 
prise) j located in areal (industrial centre) k, by 
method r (zj,>0, 7 €J; KEK; r€ KR, UR, U Rs); 

Lipr—Volume of deliveries of product (resource) i from 
areal (industrial centre) p to areal (industrial 
centre) hk (ETP ke Ke xy SU); 

xin—import of product (resource) i from outside the 
territorial industrial combination to areal (in- 
dustrial centre), k (i € I; k € K; x3, > 0); 

zkp—rate of functioning of element @ of the spatial 
infrastructure on section kp of a system by 
variant r(p€@, k, peek, r€R, UY Re U Ra, 
Zhp = 0); 

z,’—rate of functioning of element q@ of the point in- 
frastructure in areal (industrial centre) k by var- 
iantr(p€@M,kEK,r€R, U Rs U Ro, ze > 0); 

Una—amount of land (water) of grading variant r uti- 
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lised for purpose n in areal (industrial centre) k 
(KEK; nEN; r€ Rip U-Ruy, Urn > 0); 

j,—amount of local category 1 labour employed in the 
production activities of areal (industrial centre) 
k(kKEK, wEM, lk > 0); 

i}}—amount of category uw labour drawn to areal (in- 
dustrial centre) k from outside the region (k € K, 
wEM, th > 0); 

l,—size (population) of a town of category r (k € K; 
r€ Ryo; i, = 0); 

7!—numbers of category uw labour living in industrial 
centre k and not employed in the industries con- 
sidered (k€ K; we M; lk > 0). 


MATRIX COEFFICIENTS AND LIMITATIONS 


Aj;—volume of output of product i by enterprise (produc- 
tion activity) 7, functioning by variant r(j € J; 
bEI, re hy UR, UR AGQ=0, diel; A> 
> 0 in other cases); 

Bi,—consumption of product (resource) i in producing a 
unit of product v by technological variant r (i, 
y EL; C eare, CV Atapddle tts Biv = 0, if Tele d lin VO Va 
EJ, \/i =v; Biy > O in other cases); 

d;, —maximum possible volume of deliveries of product 
(resource) i from outside the region (complex) to 
areal (centre) k (kK € K; i€ I; d;, >0, when i€ 
El, \kE Ky); 

B;,—target for shipment of product (resource) i out of 
the region (complex) through areal (centre) k (k € K; 
bel; Bip > 0, when i El, U fy /\ K€ Ky); 

11;$—carrying capacity of section (kp) of element @~ of the 
infrastructure under variant r (k, p€ K; p €Q; 
ré€RsU Re U Ra Up > 0); 

Ii?—input of the product of element @ of the infrastruc- 
ture per unit of product i (t€7; pEM; UH? > 0, 
when »~ €®,; I? =0 in other cases); 


16—0375 
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3° input of the ‘product’ of element ¢ of the infrastruc- 
ture in production activity j functioning by var- 
iant) F(P/e OD: 7 CFE Ry RW RY 93? — 0, 
with @ €@,; 393° = 0 in other cases); 


3° _input of the ‘product’ of element @ of the infrastruc- 
ture in element w functioning by variant r in areal 
(centre) k (k € K; ¢, p€@; IY = 0 when — = yp; 
ae > 0 in other cases); 


m?—the population’s consumption of the product of 
element of the infrastructure (g €@M; xn? > 0); 


P},°—capacity of variant r of the functioning of element @ 
of the point infrastructure located in areal (centre) 


ka(hiGsk; 9 COs 7 °€ A, Rs Yen 0) 


Si,—amount of land (water) needed for the functioning 
of production activity (enterprise) j by variant 
rGeJ,neN;re€R, UV Re U Rs; Sin > 9); 


Sin—amount of land (water) needed for the building 
and functioning by variant r of element @ of the 
point infrastructure in areal (centre) k (K€ K; 
nEN,pe@D; re€R, U Ry U Re Sz? > 0); 


S,—amount of land (water) needed to provide services 
for the population (n € N; s, > 0); 

S;--amount of land of r grade in areal (centre) k (k € K; 
r€ Ry U Rus Sk > 9); 

Tiyu—amount of labour of category p needed for the func- 
tioning of production activity (enterprise) j by 
variant r (GE J;ré€R, UR,U Rs peEM, ThS 
= ); 

Ti,—amount of labour of category w needed for the 
functioning of variant r of element @ of the in- 
frastructure in areal (centre) k (kE€ K; pe; 
MEM, r€ RU Rs Tip > 0); 

T—reserve of local labour of category wu in areal (cen- 
tre) kK(kKE K; we M; Tk > 0); 
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Oyupr—Coefficient of the ratio between and w’ reserves 
of labour (yu, w’ € Mju > 0); 
y—coefficient of the size of families (y > 0). 


FUNCTION DESIGNATORS 


Cjn—normalised inputs* on the building and functioning 
of production activity (enterprise) j by variant r 
in areal (centre)** k(k€ K; j€ J; r€R, U RU 
U Rs; cin > 0); 

Cinp —input linked with transporting a unit of product 
i over section (kp) of the transport system (k, p € 

\ Gd; 1.655 inp); 

Cj, —input associated with making product i outside 
the territorial system under consideration and de- 
livering it to areal (centre) kK(i€l; KEK; 
Cin > 0; Cp > 0, when 1 ET, ARE Ky); 

chp—input entailed in the building and functioning of 
element g of the spatial infrastructure on section 
(kp) under variant r (K€ K; p€ OD; r€ Rs UR U 
U Ry erp > 0); 

cy’ —input connected with the building and functioning 
of element » of the point infrastructure in areal 
(centre) k under variant r (KE K; pe DM; re Rs VU 
Monee tgs ee. UL, 

c’,—input connected with the preparation of land (wa- 
ter resources) of grading variant r for purpose n 
Im areal (centre) A (i26.4K37.0 Ni or Ghiag U. Bay; 
boo, => 0); 

ct —input connected with drawing local category w la- 
bour into production and providing it with serv- 


ices in areal (centre) k(u€M; k€ K; ch > 0); 


* Henceforward we shall refer to normalised inputs simply as 


input. : 
*+* With a variant of the means of reflecting transport and economic 


links, Ci, includes inputs on transporting the output. 


LG 
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c}'—input connected with attracting category w labour 
from outside the region (complex) and settling it 


in areal (centre) k (k€ K; w EM; ck > 0); 


c},—input connected with building a town of category r 
in industrial centre k (k€ K; r€ Ryo; ch > 0); 


c—input connected with attracting -category labour 
to areal (centre) k so as to meet the structural ratio 


(kK; EM; ck >0). 


In accordance with the different character of the objects 
considered, territorial industrial models can be broken down 
into logic blocks with a different structure: namely, produc- 
tion block, blocks of the infrastructure, local resource and 
labour (see Diagram 11.1). 

For the production block of a territorial industrial model 
it is characteristic to distinguish between the production 
activities of the specialisation and complementary indus- 
tries, as objects of investigation, and the facilities of the 
infrastructure equated with production activities. 

The block consists of three types of equations, as follows: 

(i) input-output matrices of the production and distribu- 
tion of products by areals (centres, sites), reflecting the pos- 
sibility of producing output of a certain type at several 
facilities, demand within the areal, the transport and 
technological links between the, various territorial units 
of the system being studied, and connections regarding 
imports and exports (imports being an exogenous para- 
meter); 

(ii) limitations on the choice of variant of the function- 
ing of production activities*; 

(iii) constraints on the variable volume of imports of 
scarce resources and products from outside the territorial 
system being studied. 


* The economic sense of this constraint lies in its requiring choice 
of one variant only of the functioning of a production activity, but 
without a whole-number formulation of the model this requirement is 
not met, 
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The production block of a standard model can be repre- 
sented as follows: 


» MY Ajizin—- Dy ra pa Biy yiljn 


JET TER J€J r€R 
ae » Ci ph — Dipl ope Bp 
PEK peK 
(i€T, kE K); (11.1) 
= 2 ps 1 tin > —1(jEJ); (11.2) 
er dene kek). (11.3) 


The production blocks of concrete territorial industrial 
mesomodels are modified according to the specific features 
of the rank of combination. In a model of the spatial struc- 
ture of a region’s system of complexes, it is broken down into 
a directly production block and a block of the region’s raw 
material base. In the former the objects of investigation are 
the major aggregated production activities of the speciali- 
sation and complementary industries, each of which is repre- 
sented by methods that describe its possible functioning. The 
vector corresponding to a method contains indices of output 
(which is also aggregated); and the input of mineral and 
local resources. The indices of the functioning of production 
activities are treated as converted into standard sectoral 
capacities; consequently, they do not depend on the index 
of the areal. The targets for shipping out the product of the 
specialisation industries operate as the vector of the con- 
straints in the block under consideration. Such targets do 
not exist for the complementary industries. The production 
block takes the following form: 


is >) Atjtin — >) ya pa BivAv sein + 
r€Ry Jed vel jed reRy 
+ >) tipn— >) Zinp + TinS 
peK peK 
>B;, (VET, k€ K) (shadow prices ujp). 


Since the model’s criterion is the minimum summed nor- 
malised input, i.e. overfulfilment of the programme does 
not profit the region, the inequalities of the production 
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block are converted into equalities in the optimum plan, 
the shadow prices of the output of the specialisation indu- 
stries being positive (see Chapter 12). 

The constraints describing the functioning of the region’s 
raw material base are similar to those describing the func- 
tioning of the production activities of the specialisation 
and complementary industries. But in this case there is a 
limitation on the variable possible volume of extraction of 
raw material of type i: 


= Co Maen SI SI 
Lim + lim— > >) » BivAyjrjn— 2) Limp t 2: Lipm 9 
J€J r€Ry vel pek pek 


(iEJ, mEK); 
Phe 3 ee Lf RRS serio 


Another formalisation of this constraint is possible: name- 
ly, without singling out the variable z;,, and the addition- 
al limitation on it. Analysis has shown that the notations 
used in the models of the spatial structure of a region’s 
system of complexes also make it possible to obtain addition- 
al information on the effect of the raw material base on 
the location of production activities with underutilisation 
of the possible volume of extraction. 

In the model of a complex’s spatial structure, in contrast 
to that of a region’s system of complexes, the objects of 
investigation of the production block are not large aggre- 
gated production activities but enterprises. This necessi- 
tates taking account of the several technological variants 
that are found when sectoral models of the region are 
solved. The degree of disaggregation, and the treatment of 
actual economic objects at complex level, require allowing 
for the interchangeability of products, and for output of 
one and the same product at several enterprises. The prob- 
lem of taking account of the production of an assortment 
of products at one enterprise becomes extremely important. 
These aspects find reflection in the variants of the functioning 
of enterprises. 

At regional level the variants of the production methods 
in the model have quite a different economic sense. During 
investigation of large aggregated production activities with- 
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in such taxonomic units as economic regions, the fore- 
ground is taken up not by the technological variant in the 
sectoral meaning of the term, i.e. not by the actual techno- 
logy of the production of a certain item with all its techni- 
cal and economic indices (its treatment does not make sense 
in relation to aggregated production activities and products), 
but the fundamentally different projects for technologies 
differing in capital and labour intensity, and possibly in 
raw materials and power. 

It is possible, however, that when a model of a region is 
being constructed in which the strategy of its development 
is decided, the need to consider problems of the capital and 
labour intensity of the functioning of production activities 
will lose its point when the spatial svecialisation of the 
system of complexes is being considered. In fact, in the 
conditions of the given production structure of a region’s 
development, these factors affect only the size of the total 
input on carrying out an already known programme. But 
when labour is considered as settled in certain areals, i.e. 
when intraregional migration is not considered in the model, 
the different labour intensity of the functioning of produc- 
tion activities can affect the structure of location. Thus the 
sense of some of the parameters of one type of model may 
be altered, depending on the rank of the territorial system. 

With all these peculiarities, the reflection of the specialisa- 
tion industries in both models represents limitations con- 
structed in the form of an input-output matrix for each areal 
(sub-areal) and enterprise (product). 

The complementary industries are represented in both 
models in a similar way, while retaining all the differences 
in notations of the specialisation industries. 

The production block of an individual complex has the 
following form: 


>») abate Do Pave, SO Gd); (14.4) 


CDE Ra Vor 


— Sr S—1(/€ J); (11.5) 


*The content of indices ai; is similar to Ay, but a‘, corresponds 


to unit volume rather than to the capacity of a standard enterprise. 
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S tim— >) abyblitin > 0 (GET, mEM); (411.6) 


r€Rs v, Rk, r 
—)) 2 a Apme(ieliamGM). Gitoo) 


Even with a cursory comparison of the production blocks 
of models of the spatial structure of a region and of a com- 
plex, we can notice a difference in the means of representing 
facilities’ transport and economic links. This is a second im- 
portant aspect of the formalisation of the production block 
of territorial industrial mesomodels. In the model of a com- 
plex’s spatial structure industrial centres do not have a 
transport division into external and interior; instead, en- 
terprises are distinguished by variants of their transport 
and economic links with suppliers and customers. That way 
of representing these links reduces the number of equations 
in the model, but it is only legitimate when the production 
activities considered do not affect the shaping of the trans- 
port system’s configuration or its carrying capacity. 

The fixing of transport links in variants of location (as in 
the model of a complex’s spatial structure) or their free 
choice (as in the model of the spatial structure of a region’s 
system of complexes) thus does not depend on the rank of 
the territorial system or combination being studied but on 
the effect of the located industries on the shaping of the 
transport system, the process of which is reflected in the 
infrastructure block. 

In the infrastructure block of territorial industrial meso- 
models elements of the linear infrastructure (transport and 
power systems) and of the point infrastructure (spatial 
centres, junctions, and power centres) are treated as objects. 
Two sub-blocks are accordingly distinguished. The first con- 
sists of equations of three types, as follows: 

(1) an input-output matrix of the forming of the load on a 
section of the transport system and choice of its rate of 
functioning; the rate is selected in relation to the needs of 
production activities, the population, the point facilities of 
the infrastructure and transport, and to technological con- 
nections; the limitations of this type are thus linked with 
the production block and with the manpower block and the 
point infrastructure ! block; 
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(2) limitations on the linear combination of variable 
rates of functioning of the system’s sections; 
(3) choice of the synonymous variant of the opposite di- 
rections of the system’s sections: 
D1 Unpekn — 21 Wizinp— 2 Di Sian — 
rE€R eI JEJ rCR 
— > Di rer —ax? Di (Uh + 1k) >0 (PE®, p, KEK); 
WED rEeR weM 
(11.8) 


— 2) the > Sof (pe Dark pe K); (11.9) 
C 
2 zh 2) ZrO (PED, pER). (11.10) 
TEN? 

The second sub- locks Ronis of equations of two types: 
namely, 

(1) input-output matrices of the choice of rate of function- 
ing of a point object of the infrastructure (transport junc- 
tion or local power system), the constraint being linked 
with the first sub-block of the infrastructure; 

(2) limitations on the choice of variant of the rate of 
functioning of the transport or power system: 


> Pew — 2 dy di Uiabzhp 0 (pE®, KEK); (11.14) 


reR reR peK ke{k—hk’} 


—> PS —1(kEK, pE®). (14.12) 
reR 


The building industry, though an element of the infra- 
structure, is not treated in the infrastructure block but in 
the production block, and is included in the category of aux- 
iliary industries; in. concrete models the infrastructure 
block is broken down into three sub-blocks: namely, trans- 
port, power, and the building industry. 

In order to reflect transport the existing carrying capacity 
of a section of the system is treated typically as a limita- 
tion, since variants of its development are being considered. 
In addition, the development variants make it possible to 
some extent to allow for the non-linear character of the in- 
puts on creating another carrying capacity. The load on 
the section is formed in the production block, while the var- 
iant is selected in the transport development block in re- 
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lation to the location scheme obtained. There are thus two 
groups of variables characterising transport: namely, the 
volume of freight and the intensity (carrying capacity) 
of the variant for the development of a section of the trans- 
port system. 

The first group of variables in the model of the spatial 
structure of a region’s system of complexes includes spe- 
cial variables zz, in connection with the free reflection of 
transport and economic links adopted. In the model of a 
complex’s spatial structure the volumes of freight traffic 
are determined in proportion to the output of products through 
coefficients reflecting the economic links of production 
activities I15,,2%,. The second group of variables consists 
of zkp in both models. 

The constraints put into the transport block include an 
input-output matrix of the satisfaction of demand, choice 
of a variant of the section’s functioning, and choice of a syn- 
onymous variant for, both directions of the section: 

(i) in the model of the spatial structure of a region’s system 
of complexes 


Sa bee? l;tinp=>0 (k, p€ K) (shadow prices &;,); 
re€R i€l 


— >) zhnl> —1(p, KE K) (shadow prices ypr); 
rE€R 


Zph—Zhp 20 (p, kE K, r€ Re) (shadow prices Cx); 
(ii) in the model of a complex’s spatial structure 


2X MkpZhp— >) WrpxinD=0 (k, p€ K) (shadow prices E,,); 
Tr alee vie 


—Zhp= —IIhp (k, p€ K) (shadow prices yipa). 


In contrast to sectoral models no limitation on the vol- 
ume of traffic is considered in territorial industrial models, 
but the development of the transport system is treated in 
dependence on the demand formed in the production block. 
This method makes it possible, in addition to determining 
the variant for development of a section of the system, to 
obtain data also (in the event of underutilisation of the 
section’s carrying capacity) on the role of the given section 
in shaping the optimum plan, since the shadow price of 
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exploiting it always remains positive in the conditions of its 
operation. In addition, the shadow price of the exploitation 
of a section is a component of the shadow price of output 
in an areal. Transport thus affects location even when the 
former is underutilised. 

The shadow prices included in the transport block of these 
mesomodels reflect the total inputs of the system concerned 
on the creation and functioning of transport. Their structure 
is quite simple and reasonable. The corresponding blocks of 
the dual problems take the following form: 

(i) in the model of the spatial structure of a region’s system 
of complexes 


>) Aiin— >) Dd) Bui Aviston <ejn (FET, KEK, r€ R) 
a r€R, vel 
(shadow prices 2jx); 
Tpn§pr— Vor + Spr — Shp NChp (p, KEK; r€ Re) 
(shadow prices zyx); 
Win —Uip— SprXeipr (6EL, p, KEK); (shadow prices 2; pz); 
(ii) in the model of a complex’s spatial structure 
>) ai; — Dd) Briayjty —UapExp Sey (GES; rE R, KEK) 
i€L Vv, TER, 
(shadow prices xj); 
Exp — Yap \Chp (k, p€ K; r€ R) (shadow prices Zp). 


Given utilisation of section (kp) in the optimum plan, 
the shadow price of the variant of carrying capacity includ- 
ed in the plan equals the sum of the inputs on creating the 
corresponding carrying capacity and the shadow prices of 
exploitation of the section: 


Vhp mm as —- Chae 
This relationship is satisfied in both models, as is confirmed 
by practical calculations. 
The shadow price of exploiting a section of the transport 
system in territorial industrial mesomodels reflects the re- 
lationship between inputs on producing output at the points 
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of production and consumption, taking account of the demand 
for it at both points, and the direct inputs on transportation. 
In the model of a region this relationship takes the follow- 
ing form: 


S Le 
Spk — Uin — Vip — Cipks 


in the model of a complex it has the following form: 


Tipe pa = Dy iui — » Byiay jy — Cj. 
i€l vir 

The other two elements of the spatial structure, i.e. the 
building industry and the power system, are reflected in 
the models in the same way as transport. 

When the functioning of the building industry is being 
determined, as we have already noted, the point elements are 
singled out (their reflection is equivalent to that of enter- 
prises, and are consequently included in the production 
block), and spatial elements (i.e. building sites), which are 
represented by the flows of services performed in various 
areals (centres) by a certain building industry or firm. As in 
the transport sub-block, the rate (volume) of building work 
for which it is necessary to provide a building industry, 
and the flows supplying each of the location points, are de- 
termined in the building industry sub-block. Problems of 
the dynamics of the building of facilities are not yet consid- 
ered in the mesomodels thus the purpose of singling out 
the building industry and its location as an autonomous 
object is to take account of the costs of the location of 
production activities element by element, while the forma- 
lisation of the building industry is similar to that of other 
spatial elements of the infrastructure: 

(i) in the model of the spatial structure of a region’s sys- 
tem of complexes 


Primal solution Dual solution 
SS iy 2 \) r n 
2 YqkhNg— 2) TjLjn — YU X Thgr — Bg <Cqr 


r,gd j, 


x De + 1h) S>0 (RE K) (EQ, r€R, kEK) 


ww 
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(shadow prices a); (shadow prices yn); 
2 Vin > = 1 (ne 2) a Aj jUin — Winn < Cin 
4 
Re prices B,); GEJ, KEK: rER) 


(shadow prices 23x); 


y ijljk — oe BivAyjejn — 


eg 
— Tinp + far 8, Lin By 
er: k€ K) 
(shadow prices Uj); 


(ii) in the model of the spatial structure of a complex 


Primal solution Dual solution 
Dy Yor — py NjLjh— YT X a, —Ba<cin 
x 2 (It x ih) >0(kE K) (QEQ, KEK; re€R) 
(shadow prices &,); (shadow prices y(n); 
— Yor > — 1g (GEQ; TER) 2 dij; — THA ein 
(shadow prices 4); (jEJ, KEK) 


(shadow prices xjn) 


Pag AijLin— be BivQujt ip >0 (t€ I) 


k,j,7 


(shadow prices w;); 


The building industry gets two shadow prices in the opti- 
mum plan in these mesomodels: namely, a, the shadow price 
of its exploitation in areal (industrial centre) k; and Bg, 
the shadow price of the industrial capacity. In both models 
the shadow price of the building industry entering the opti- 
mum plan is built up from the direct costs of its creation 
and the shadow price of its exploitation, The difference is 
that, in the first case, the price is a unit value and in the 
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second case it applies to the whole volume. This difference 
has no association with the rank of the territorial systems 
being studied. The same remarks about the effect of the 
building industry on the location of production activities 
apply to its sub-block as apply to the transport sub-block. 

The reflection of the power system pursues the aim of 
accounting for inputs element by element. The structure of 
its sub-block, shadow prices, and effect on the location of 
production activities have the same character as those of 
transport and the building industry. 

Manpower has a vital effect on the location of industry. 
When the spatial organisation of a mesosystem is being 
determined labour functions only as a production factor, 
but that does not mean that the model does not, in general, 
take the population’s interests into account. Inputs on pro- 
viding services for the labour force, and for its families, and 
on the population’s needs for local resources and the infra- 
structure are reflected in the models. This treatment may seem 
inadequate, since many problems of reproduction of the 
labour force are not taken into account: namely, the birth 
rate, migration, training, determination of the structure 
and size of the population’s needs and the satisfying of the 
same. These problems are differentiated from those of the 
area’s spatial organisation, although they are closely inter- 
connected. The treatment of labour in our mesomodels as 
one of the factors in the development of production is there- 
fore quite justified, especially when attention is paid to the 
fact,that the production need itself necessitates taking sev- 
eral aspects of the reproduction of manpower into account. 
The location of industry, for instance, may give rise to a 
migration of population, or to a change in its occupational 
and sex structure, while the attraction of manpower to dis- 
tricts of new development entails a need to provide it with 
housing and services. 

The manpower block consists of equations of the follow- 
ing three types: (1) balances of manpower of certan cate- 
gories of labour at each site of industry, balances that are 
linked with both the production and the infrastructure 
blocks; the demand for labour may be met from the local 
population and by people attracted from outside the system 
(combination) concerned; (2) limitations en the variable use 
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of local manpower, taking its structure into account; (3) in- 
put-output matrices of the satisfying of the structural ratio 
between the different categories of labour attracted: 


+ TR DD) Thucin— D1 Dd) Tih? SO (kEK; pe M); 


reR jeJ r€R ped 
(11.13) 
—Ily > —Th (ue M; k€K); (11.14) 
hoy dh +7 — >0 (KEK; wEM); (11.15) 


The constraints describing manpower in concrete models 
do not differ in form of notations (like all the other blocks 
of both models), but do differ in the number of factors con- 
sidered at the level of a region or complex, and consequently 
in the number of variables and constraints. 

In the model of the spatial structure of a region’s system 
of complexes, for instance, the manpower of an areal func- 
tions as an object of investigation without classification 
by sex, age, or skills (which is not necessary at the given 
stage of planning). But the problem of accounting for migra- 
tion arises already at this stage. Territorial industrial meso- 
models are some of the few types of model that allow for 
the conditions of attracting labour from outside the region 


(variable /'). The possible exodus of labour is not accounted 
for so well—through an increase in the coefficient of the 
needs of industry, i.e. virtually through estimated shadow 
prices. 

In the model of the spatial structure of a region’s system 
of complexes the manpower block includes input-output 
matrices of the utilisation of labour, and constraints on the 
use of reserves of local. labour: 

Pou ate T'cjp — >) Tryin 0 (KEK) (shadow prices o;); 
ir qr 


—1,>>—T, (k€ K) (shadow prices 0,). 


The isolation of a variable J, in the model, i.e. the utilisa- 
tion of local manpower, is justified in this case since it 
helps provide additional information about the effect of 
regional conditions on the location of industry, and also 
allows for their effect with partial utilisation of reserves. 


TERRITORIAL INDUSTRIAL COMPLEXES 256 


The manpower of areal k, employed in the production activ- 
ities concerned, like production, functions as a consumer 
of local resources and of the infrastructure. Manpower, for 
example, is involved in the shaping of the demand for build- 
ing work: 

>) ying — Di Watjn— ye (In +x) 0 (HE K) 

Vert? | a? 

(shadow prices &,). 


The shadow price of the drawing of local labour into produc- 
tion in areal k (w,) is formed taking account of the shadow 
prices of the exploitation of local resources and of the in- 
trastructure: 
@, = Cp +O, yap, 

that is to say, when local labour (J; > 0) is employed in an 
areal, the shadow price of drawing it into production is equal 
to the sum of the shadow prices of the exploitation of local 
resources and of the infrastructure in the areal plus the 
shadow prices of the manpower reserve and the inputs on 
providing it with services. In this way the close interdepend- 
ence of territorial resources is reflected in this type of me- 
somodel. 

The shadow price of] the reserve of local labour (0,) does 
not exceed (and in the optimum plan is equal to) the differ- 
ence between the inputs on providing services for the labour 
attracted from outside the region and for local manpower. 


OnKcer—Cp. 
Labour can thus be brought into an areal if the inputs on 
attracting and settling it do not exceed the sum of the shad- 
ow of drawing local labour into production and the inputs 
on providing it with services. 

The same approach is used in the model of a complex’s 
structure as was in the foregoing model to formalise the 
process of providing industry with labour. But at the level 
of planning concerned the requirements for modelling man- 
power are rather different. When enterprises are involved, 
and not standard aggregated production activities, manpower 
is no longer uniform. In the model of a complex the compo- 
sition of the labour force is given by sex. It is probably nec- 
ssar y to give the occupational structure (by skills) (albeit 
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aggregated). As a result, this model, in contrast to that of 
the spatial structure of a region, has additional variables 
l, and l,, which signify the type of labour, while the con- 
straints describing the functioning of labour are supplement- 


ed by a limitation reflecting the ratio between male and 
female labour: 


B—ayuyle +i S0. 

In the optimum plan the structural limitation is satisfied in 
the form of an equality. In fact, in the optimum plan let 
dk: Uk +k — uy lk —ik >0. 

We reduce /# by 6. Since Z# comes into other constraints with 
a minus sign, the new plan does not depart from the field of 
permissible solutions, while the objective function, at the 
same time, is not increased, i.e. the constraint on structure 

is always satisfied in the optimum plan as an equality. 

In contrast to the model of the spatial structure of a re- 
gion’s system of complexes, another additional constraint 
arises in the model of a complex’s spatial structure: namely, 
a constraint of the forming of a town. By this is meant, at 
complex level, not the concrete district planning (or layout) 
of a town but the founding of a settlement point with a 
certain population in connection with the location of indus- 
try. The constraint of the forming of a town is introduced 
so as to allow for the non-linear character of the inputs on 
providing for the population connected with the place’s 
growth. The constraint has the following form: 


SY —y di (Uk + 1) —y >) Hk >0 (shadow prices Aq); 
r mn mn 


— 1, > — Lf, (shadow prices gh). 


An increase in the number of factors is thus observed, and 
a detailing of the constraints affecting the location of indus- 
try, when territorial systems of lower level are considered. 
But this pattern does not always apply. The processes of 
internal migration at complex level, for instance, do not 
have any essential effect on the location of industry. The 
territorial elements of a complex are sub-areals, made up 
(in areas of new development) of small inhabited points and 


17—0375 
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hamlets. On the one hand, therefore, differentiation of the 
inputs on providing services for the population in the various 
sub-areals plays no role; on the other hand, the complex is 
too aggregated an area to be able to account for those factors 
that operate in an industrial centre, where the problem arises 
of choosing a variant for a settlement near an enterprise or of 
creating regular transport services to bring labour to work 
from old settlements. That is to say, the problems of migra- 
tion essentially affecting the location of industry at regional 
or industrial-centre level have no significance at complex 
level. 

The structure of the shadow prices of the manpower block 
of a complex’s model, and the information contained in 
them, retain all the features of the shadow prices of this 
block of the model of a region’s spatial structure, with the 
sole difference that the information obtained at complex 
level characterises each category of labour, taking account 
of the shadow price of the structural ratio. The shadow price 
of the constraint of the forming of a town characterises the 
inputs on providing services for manpower, taking the popu- 
lation’s demands on the infrastructure and local resources 
into account: 

hp = Ch + pa, — Qh. 
At regional level this information is contained in the 
shadow price of the utilisation of manpower. 

The constraint of observing the structural ratio between 
male and female labour facilitates through-going analysis 
of the process of drawing labour into production. With in- 
iringement of the structural ratio 


her A 0; 
the shadow price of the employment of one category of la- 


bour or another, of which there is a surplus, is increased. 
If, for instance, 


=ck +c + Apt np, 
i.e. the attraction of labour to complete the structure 


nearly doubles the shadow price of employing this category 
of labour. Thus it is unprofitable to draw additional male 
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labour into industry (if there is a surplus of it) because it 

will require bringing in a certain amount of female labour. 

The next block of these regional mesomodels is that of lo- 
cal resources. Investigation of their effect on the location of 
industry is one of the main points of solving models of this 
type. With a sectoral or industry approach inputs on the engi- 
neering development of an area’s land and water resources 
are treated as a component of the inputs of an enterprise, so 
that there is no optimisation of the process of exploiting 
these resources in sectoral models, and the problems of the 
purpose to which land is put, and its use for industry, farm- 
ing, and town-building are not considered. This group of 
problems is reflected in our mesomodels, 

The objects treated in the local resources block are water 
and land, which are characterised by a variant of use and of 
grading by inputs on development and territorial appurten- 
ance. As regards their spatial relations all these are point 
objects. In addition, their ‘product’ is mobile and inter- 
changeable. This can lead to industry’s being located in 
several sub-areals (areals) in the optimum plan, if, of course, 
there is no need for a whole-number solution. The block 
consists of equations of two types, as follows: 

(1) input-output matrices of the formation of the demand 
associated with all the preceding blocks; 

(2) limitations on the choice of variants for the exploitation 
of resources (land, water); which limitations are consid- 
ered for each territorial unit and each variant of the 
grading of resources. 

The constraints have the following form: 


d) Shuhn— 3S) 3) Sinan — Dy S Shn2h? —sny Di (Uk + Uh) 0 
uw 


re€R jEJ TER j€J rER 
(ke K, n€N); (14.16) 
ule eee & (rie Bik RM) (14.17) 


neN 


Local resources are investigated in the same detail in 
regional mesomodels. 

The properties of the constraints describing local resources 
and the information obtained from the shadow prices 
of this block are similar to those of the manpower block. 


Wid 


TERRITORIAL INDUSTRIAL COMPLEXES 560 


The objective function of both models is the minimum 
summed normalised input on carrying out the given pro- 
gramme by the region (complex). This type of function is most 
convenient for mesomodels and satisfies the problem of locat- 
ing production activities and elements of the infrastructure 
corresponding to the best variant of the use of the territorial 
industrial combination’s resources, given fulfilment of its 
role in the territorial division of labour. 

The formal notations of the standard model takes the 
following form: 


1 7 
Dy dy Atin— D1 Dd) Di BivAdieh, + 


j€J rER JET r€R ver 
+ 2 tipa— 2 ting + tin > Bin (6 Bike Onge(laats) 
p 
— >) >) th —1 (EJ); (14.19) 
REKTER 
— Xi, >—di, (LET; KCK); (14.20) 
>) Unpznp — > WP any — >) LH, — 
r€R i€l j€J TER 
— > OPH — ny >) (lk + lk) S0 (PED; p, kEK); 
WED 7ER ueM 
(14224) 


~ 21 tho —4 (pE@, k, p€K); (41.22) 
Dehn — 2 ph 20 (pE®@, k, pEK); (14.28) 
7 7 T 7 


2 Preah! rae ik vet phltvain > 0 (PED; WEEK); (11.24) 


—SaPS—1 (EK, Em; (11.25) 
Pepe SS) Sip Aree Aiepr® 8e . 
ra+lp ah es juTjk Za npZr 20 (KEK, pEM); 
(11.26) 
—Ik>—Th(kEK, we M); (11.27) 


li—Cuy lk +k—lk >0 (ke K, pe M); (44.28) 
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>) Shuly— > Shee Dp | SanZh —Sn¥ Dy (Ik + Lk) 0 
r€R jEJ r€R eR uweM 


(kek. n€N); (44529) 
— Di uha > —1 (r€R, KER); (11.30) 
neN 
[23 Cha tin + pa CinBin + Pa a 
wags eens 2 Chzn + AA Caplin + 


R,p,7r,@ r,® 
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The models for determining the spatial structure of a re- 
gion’s system of complexes and of an individual complex 
may thus be distinguished as a special territorial industrial 
type of regional mesomodel by their place and functions in 
the system of models and by their specific properties. 
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ECONOMETRIC ANALYSIS OF TERRITORIAL 
INDUSTRIAL REGIONAL MESOMODELS 


M. Yu. Cherevikina and I. A. Itskovich 


Territorial industrial mesomodels are tools for pre-planning 
investigation of the territorial structure of a region’s econ- 
omy. The main job for which they are used is that of opti- 
mising the location of production activities within a re- 
gion. The conception adopted in modelling assumes account- 
ing for the complex effect of regional factors (local resources, 
infrastructure), and the delineation of the region’s main 
territorial industrial combinations together with their loca- 
tion. In that connection it is very important, for this type 
of model, to analyse how far the production block of the 
model is affected by the regional conditions. For that pur- 
pose the simplest variant of a mesomodel was adopted here: 
namely, that of the spatial structure of a region’s system of 
complexes. 

The model studied was a static optimising one for long- 
term planning. The set of all the industries (products) I 
(i, g € 1) was divided into four sub-sets, as follows: 

I,—the sub-set of products made in the region but not con- 
sumed in it, for which there are assignments for inter- 
regional deliveries; 

J,—the sub-set of products made and consumed in the re- 
gion, for which there are assignments for inter-regional 
deliveries; 

I,—the sub-set of products both made in the region and 
brought in from outside for consumption within it; 


I,—the sub-set of products imported into the region for 
consumption! within it. 
La Witla. =O, \ecah ce fe oars. 
Inter-regional deliveries are treated as known in the form 
of assignments for shipping output of the specialisation in- 
dustries and of limitations on imports into the region. 
The set of areals of concentration of production activities 


K (k, p, | € K) is broken down into exterior areals (sub-set 
K,) and interior areals (sub-set K,). 
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UNKNOWNS 


£;, —rate of functioning of a production activity making 
product i and located in areal k (i€ I; kE K; 
Lik = 0); 

Zip! rece of freights of product i from areal p to areal 

2 bs (i GEX Dal £ K; Zipt = 9); 

X;, —volume of imports of product i into areal k from 
outside the region (i € 1; k € K; x3, > 0); 

yi —amount of land of grade n in areal k used for indu- 
strial development (k € K; n€ N; N is the set of 
variants of the gradation of the cost of developing 


parcels of Jand; yns > 0); 


yoy —amount of land of grade n in areal k used for civil 
building (k € K; n€ N; ySv > 0); 
Z,—amount of labour available in areal k& for the pro- 
duction activity concerned (k € K; x, > 0); 
Z,—amount of labour brought into areal k (k € K; 
Z} => 0); 


KNOWN (GIVEN) QUANTITIES 


A,;—volume of output of product i by a standard enter- 
prise (i € 1; A; = 0, whenTi € J,; A; > 0 in other 
cases); 

6; ,—technological coefficient of the inputs of product i 
to make a unit of product g in a standard enterprise 
(i, EL; Big =9, when 1 € 1, VEL; Big >O in 
other cases); 

S;—area needed to site a standard enterprise to make prod- 
uct i (i€ J; S; = 0, when i€J,; S; > 0 in other 
cases); 

s—unit expenditure of land to provide services for the 
population (s > 0); 

T;—amount of labour needed to operate a standard en- 
terprise to make product i (i€ J; T; = 0, when i€ 
€J,, and 7; >O in other cases); 
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B;,—target for shipments of product i through areal k 
(GET; KEK; ByaomO when 1€4, U1, AK E Ai; 
B;, = 0 in other cases); 
d;,—limit on bringing product i in from outside the re- 
gion through areal & (i€ 1; k € K; dj, >0, when 
i€J, U Ig A & € Ky; di, = 0 in other cases); 
S,» —amount of land of grade n in areal k (K€ K; n EN; 
Sat a0); ¥ 
T, —manpower reserves of areal k (KEK; T, > 0); 
€;,—input connected with the building and functioning 
of a standard enterprise to make product i in areal k 
(k € K; i € I; c;, = 0, when I € Jy; c:, > 0 in other 
cases); 
fix —inputs connected with the building and functioning 
of an enterprise to make product i outside the region 
and deliver it through areal k (k € K; i € J; fin > 0, 
when i€/, UJ, Ak € Ky; fix = 0 in other cases); 
Sipr—inputs connected with transporting product i from 
areal p to areal 1 (i € J; p, LE K; gip, > 9); 
c,—inputs connected with providing services for the 
population in areal k (k € K; c, > 0); 
c,—inputs connected with attracting and settling popu- 
lation in areal k (k € K; ¢, > 0); 
ch Av'—inputs connected with preparing grade n land for 
civil (civ) or industrial (ind) building in areal k& 
(kK EK; n EN; Any > 0; Aen > 0); 
The model contains the following constraints. 
The production and distribution of products made in the 
region are balanced by areals, and deliveries of products 
of the specialisation industries must be met: 


N) _ 
A;Xin + D) Zipr— pa Zint~ >) BigAg%qn +2j, => Bip, 
Pp q 


(shadow prices u;,). (12.1) 
There is a limitation on the possible bringing in of scarce 
products from outside the region: 


~ 2, >—dy (iE T, KEK) 
(shadow prices nx). (12.2) 
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Land within an areal is allocated as follows: 
(i) to provide sites for industrial facilities 


> Yak — >! S;ti,20 (KEK) 
n u 
(shadow prices ay"); (42.3) 
(ii) to provide sites for civil construction 


oe —s(x,-+2,)>0 (KE K) 


aM 


(shadow prices a’); (12.4) 
(iii) grade n land is limited by areals 
—Ynk —Ynk > —Sy» (REK, n€N) 
(shadow® prices unp); (12.5) 
Production activities are provided with labour 
Lp +2, — >) T;2;,>0 (KEK) 
(shadow prices @,); (12.6) 
—x,>—T, (ke K) 
(shadow prices @,); (12.7) 


The objective function reflects the summed total inputs 
on meeting the targets of the region’s programme: 


min [ 2 CinLin + > fin®in + 2 SiplZipl + pa Cptp + 
+2 1 Cnt +) N) aint 3 NI "ni caer (12.8) 


As follows from these constraints, the model is built on 
the input-output principle. The matrix has the following 


structure; 
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The matrix {B;,} is productive for i, q€ 1, U Is. 
The dual of the primal solution has the following form: 


Ajtin— 2) BgiAitqn — ORS; — OT i <ein (iT, KEK) 
j ‘(shadow prices x;,); (12.9) 
Uin—Nin<fin (iE; EK) (shadow prices z;,); (42.40) 
Wii— UipNBipt (LET; p, LEK) (shadow prices 2; p1); (12.11) 
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a See Hr (ke Ke n€N) (shadow prices yn"); 
Ca 12) 
Oh’ —Una<Ane (KEK, n€N) (shadow prices yfi nS 
(12.13) 
Op — say” —O,<c, (K€ K) (shadow prices 2); (12.14) 
On— san” <e, (kE K) (shadow prices x); (12.15) 
max [ >) Bixtin— >) Nindin— > UneSnn— > OTs). (12.16) 
ih ik nh R 
Let us consider the conditions for the existence of a solu- 
tion of the primal system of inequalities. 
Assuming that system (12.1) and (12.2) has a solution, we 
find the ratio between the vector of the constraints and the 
coefficients of the matrix. 


Adding inequalities (12.3) and (12.4) together and inte- 
grating for k, we obtain 


Nya + >) Yan > D1 Sitin+ D8 (eat), 
n, 
which, in place of (12.5), yields: 

> Sitin + > s(t, +2,)< > 8 

t, 


n,R 


Making use of inequality (12.6) we find the ratio between 
the region’s output and local resources (land and water): 


>) (SitsT:) tin < > Nee 
ik 


The proportions between scarce resources (products) 
brought in from outside the region'and their consumption by 
industry within it are obtained from constraints (12.1) and 
(12.2). We integrate inequalities (12.1) by & for i € Jy: 


» @in— 2 BigAgtan >0 (B;, for i€ I, is equal to 0) 
hk q,k 


and, since it follows from (12.3) that 


ye Linc <3 din, 
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then the constraint sought has the form 


p2 1 BigA glare <> din. 


It will be readily ee that the aaa between the region’s 
output and manpower does not fall within the field of the 
permitted solution, since there is no bilateral limitation on 
the variables z, (the amount of labour attracted from outside 
the region). 

We consider the relationship between the output of prod- 
ucts of various groups* and the targets for shipping output 
of the specialisation industries out of the region. 

Having integrated inequalities (12.1) for k, we eliminate 
variables z;,;. For i € J, constraint (12.1) takes the form: 


Bik 
k 
Aj 
For 1 ¢J,.\) ‘i constraint (12.1) is transformed into the 
following: 


» > Aitin— >) BigAg&an + >! din >) Bin. 
Bek qk TR FR 


From >) 8; gA g&qn We isolate the sum reflecting the demand 


dA; iZin = = > Bip = Lins 


q; 
of the production activities of the sper ony industries 
(q € J,), and substitute >) Zon for q EJ, in 2 Ban “Since 


" OCG 
> p<) Lor, the sign of the inequality is not altered, 
h 
while constraint (12.1) is transformed for i € J, lJ J, into: 
'Aitip— >) >) BigAat din >) B; Wr fiigB 
2: iLin dpb, Bia q ant >: n> Dd! inh 21 Bia qh: 
or 


a (8:2 —Bia) Aq >: ton >>) Bint a Pia qk — >) din. 


géToUI3 


We denote: 
NI 
Bint >) BigBan— >i din = Di, 
k hgely b 


* Product groups correspond to sub-set Je, of set J, 
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then the ratio obtained can be written as a vector: 
in which A is the diagonal matrix with elements A, along 


the diagonal: 
Agis0el2. 300 


a: (ne At 
X is the vector with components >) aes 
B 
5) i re} > O 
(> Th) Ditank- .. Apa Bish) 
Rk R Rk 


The matrix {Bjg} for i€/, U Lz is productive; conse- 
quently, there is an opposite for (E — §) with non-negative 
elements. In consequence of that, multiplication of both 
parts of the inequality by (£ — £)-! does not disturb the 


order of the terms introduced into the set of X vectors: 
AX >(E—6$)'D. 


We multiply both terms of the inequality by diagonal 
matrix M, of the form 


4 
z 0 fh eigen 


A, 
[fF Oun 2h: z J 
and find that vector X satisfies the relationship 
i X>M (E—8)'D. 
We denote the matrix as M(£ — ~)'D =H, then 
>) Lin > H;. Thus, through the coefficients of material inputs 


and targets for deliveries of the output of the specialisation 
industries, the lower limits for volumes of output i € 1, U Js 


are obtained. 
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Inserting the limits of >) 2;, found for i€ J, and i€ 


R 

€ J, U Is in the relationship linking output with local and 
outside resources, we obtain the necessary conditions for 
the existence of an admissible solution reflecting the depend- 
ence between the vector of the constraints and the coef- 
ficients of the matrix: 

(i) for local resources 


Y (Sits?) DGE+ DY Git s%i) <> Sra 
n,R 


i€l4 k i€IoUls > 
(1240) 
and (ii) for resources brought in from outside the region 
Dy Big) Bin + > BiqAgHa< >: dip. (12.18) 
gel, k q, k 


Constraints (12.17) and (12.18) have a simple economic 
sense: namely, the region must have adequate resources to 
meet the delivery targets for output of the specialisation 
industries, taking the region’s comprehensive development 
into account. 

The relationships (42.17) and (12.18) are adequate for 
there to be an admissible solution. 

Owing to the limited nature of the set of admissible solu- 
tions, the primal problem has an optimum solution. 

For models of the location of industry it is extremely 
important that there are no cross and cyclic freights in the 
optimum plan. Let us see whether our model meets this 
requirement. 

Property 1. There are no cross and cyclic freights in the 
optimum plan. 

Proof. Suppose there to be even one cyclic freight in the 
optimum plan. We reduce all z;,, entering the e cycle. 
Since, for any peak (areal) of the circuit there is both a 
variable import and a variable export proper to the circuit, 
the limitation will not be infringed, but the objective func- 
tion will be reduced. Thus a plan containing cyclic freights 
will not be optimal. We go on increasing ¢ until the cycle 
is broken. Shuttle freights represent a specific case of the 
cyclic ones. The statement, consequently, is true. 

The model reviewed describes an economic situation such 
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that the region’s place in the inter-regional division of la- 
bour is known, i.e. its assignment for output of the special- 
isation industries has been fixed. With that, overfulfilment 
of the target is not encouraged. This situation is reflected in 
the following properties. 

Property 2. Constraint (42.1) is reflected in the optimum 
plan in the equality of Vi € 1, k € K. The shadow prices 
of the fulfilment of delivery targets of the specialisation 
industries are positive in the optimum plan, i.e. u;, > 0 
for Vie Tpouetsy ik € Ky. 

Proof. Suppose there to be a pair (i, &) in the optimum 
plan for which the following is valid 


Pe ee FORT eos. : e 
: Aiki 5 a 2 iph LZR. + ie DB At ga > Bag. 
(12.19) 
With that, at least one of the constraints is satisfied: 
Zink Sale Lag co; Log > U. 
In the first two cases we reduce z-, (x;¢) by &, but do not 


ipk as 


leave the field of admissible solutions, since 2-4 (x3 ¢) comes 
into the other constraints with a minus sign. The procedure 
is continued until equality is established in (12.19). 


Let x3, be greater than zero; then by the condition of 
complementary non-rigidity, constraint (12.9) is satisfied 
for (j, k) in the form of an equality 


$e ind 7 ni 
AW Pp Aig Om S3— Oly =e7 5. 


On the other hand, it follows from constraint (12.19) that 
u-- = 0, ie. (12.19) has the form 


ind 

ether aan Ve By SAT Fh pee ee 

which is impossible by virtue of the positiveness of Bogs 

AG; So, T,cz,,and the non-negativity ofu of ; ane, and @;. 

Suppose that J is the pair (i, k) i€ 1, U Ig, & € Ay, 
for which w;, = 0, then (12.9) has the form 


i ind 
—>) BgAgug —S 7a eleog Cag: 
q 
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By the condition of complementary non-rigidity, xz, =9, 
consequently there is a p such that 275 > 0. Otherwise 


constraint (12.1) is violated. 
With 255 > 0, constraint (12.41) has the following form, 


by the condition of complementary non-rigidity: 
Ng = Mime Gok * 

According to the proposition, uz, = 0, consequently —u;,= 
= §¢,;- Thus the proposition that wz, = 0 does not hold for 
iG iWhd ack GG. Z 

Property 8. lf xj, >0 VV tin > OV Zipp > Ofori EL3 U 
U l,, k€ K, or i€l, k € Ky, then uj; > 0. 

If 3; = Ofor (i, Ry: 4 615. |\' ty, hxc Ky Or tice 1G ee 
then Lin = OWN Zip = 0) Zip =O Went = 0- 

Thus, when areal & is involved in the interareal division 
of labour as a producer of output or a transfer point, the 


areal has a shadow price differing from zero as regards the 
production and distribution of output. 


Proof. Let z;, > 0. By the condition of complementary 
non-rigidity, constraint (12.10) has the form uj, — Hin = 
= fi,, and by virtue of the positivity of f:,, Uiz iS positive. 
If jz OF Zip, is greater than zero, the proof of x;y, Zip, is Simi- 
lar. 

With u;, = 0, constraint (12.9) has the form 


ind eae 
— >) BgiAivgn —T On —S irk < Cj, => Tj, = 0. 
qd 


In accordance with Property 2 constraint (12.1) becomes 
an equality. Two cases are possible: either all the variables 
are zero, and then the statement holds; or the sum of the 
negative terms equals the sum of the positive terms. Con- 


sequently, x;, > 0 V Zip, > 0. 

If x;, is greater than zero, (12.10) becomes an equality 
by the principle of complementary non-rigidity, and u;, = 0. 
Similarly, if z;p, > 0. 

As we have already remarked, analysis of the effect of 
regional factors on the siting of industry is our main interest. 
Consider constraints (12.3) to (42.7) inclusive, which de- 
scribe the use of land and manpower. 
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One of the most important problems of representing man- 
power in regional models is the method of accounting for 
migration. In the model being discussed the migration streams 
are accounted for differently depending on their direction. 
The possible attraction of labour from outside the region is 
reflected in variable z,, which makes it possible to account 
for a shortage of manpower by areals and obtain additional 
information on the forming of the optimum plan for the siting 
of production activities. The exodus is taken into account 
through expert estimates of the increase in the coefficient 
of production activities’ demand for labour. The problem 
of reflecting migration within a region in the model is still 
unresolved. 

Let us consider the properties to which the limitations 
on labour and certain patterns of the formation of their 
shadow prices are subordinated in the optimum plan. 

Property 4. Constraint (12.6) is satisfied in the optimum 
plan as an equality. 

In the optimum plan it holds that, if 4 i: z;, > 0, then 
a canieit “a, >= Oyythen: 7), /0-for- Vi, That ‘is. to 
say, if the areal is involved in the interareal division of 
labour for the production of even one item, the utilisation 
of its manpower has a shadow price other than zero. 

if an areal has a zero shadow price for the employment 
of labour, no industry is located in it. 


Proof. Suppose that there is a k for which z, + x, — 
a pa T ;ti, >> 0. We reduce x, (or zp, if x, 40) by «. It 


v 
will be seen that the new plan is within the range of admis- 
sible solutions. The process is continued (i.e. ¢ is increased) 
until there is an equality in (12.6). 
Suppose that there is an i for which x; ~ 0. Then, at 
least, z, >> 0. By the condition of complementary non-ri- 


gidity, o, — say” — 0, = cy. Consequently, wa, > 0. 

Eat e@, 20 ee ties 0, ep anid —souy” <c,. By the 
condition of complementary non-rigidity zx, = 0 /\ x, = 
=(Q=> — >) 7 jt, > 0, which means that x;, = 0 for Vi. 

An important step in the mathematical economic analysis 
of the model is to clarify the structure of the shadow prices. 
18—0375 
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From the economic formulation of the problem of specialisa- 
tion of the system of complexes within a region it follows 
that not only must the limited character of the regional fac- 
tors be taken into account, but also certain qualitative changes 
in the character of their effect on the location of industry 
at the given stage of planning must be allowed for. (These 
changes should be expressed, in our view, not by increasing 
the number of regional factors considered but in a stronger, 
more comprehensive effect compared with the regional eco- 
nomic models.) Let us consider how this requirement is 
reflected in the models being studied. 

In the optimum plan x, > 0, if the areal is involved in 
the production of even one product, since the inputs on 
attracting labour from outside the region and providing it 
with housing and services are greater than the inputs on 
local manpower. From the positivity of z, it follows, by 


the condition of complementary non-rigidity, that o@, = 


=c, + saf'’ + 0,. The shadow price of utilising manpower 
in the areal exceeds the shadow prices of the quantity of 


labour in the areal by c, + sa’, i.e. it characterises not 
only the quantity of labour but also the inputs on providing 
it with services, including the areal’s shadow price of provid- 
ing workers and their families with land for dwellings. 
It can be shown that with the limitations on electricity and 
water considered in the model, the shadow price of utilising 
labour in the areal includes the normalised inputs on its 
employment, the shadow price of the quantity of labour in 
the areal, and the sum of the shadow prices of the areal for 
the utilisation of all regional conditions for the needs of 
the population. This conclusion is confirmed by practical 
computations. 

Thus the break down of the limitations on manpower into 
two conditions, namely (a) the input-output matrix of its 
employment and (b) the limitation fixed at higher level on 
the variable of the amount of labour employed, makes it 
possible to give a qualitatively better characteristic of the 
involvement of the areal in the interareal division of labour. 

The economic regions of Siberia are short of labour; it 
is therefore of interest to consider that case in which labour 


is drawn from outside the region, i.e. 4k : 2, > 0. By the 
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condition of complementary non-rigidity —sc;'" + 0, = 
oe a Civ 

= Ch => Opn=Cp + sa, . And because local reserves are also 

employed, i.e. because x, > 0, 


Civ = 
Op, =Cp+san +0, > 0, =cp —Cp. 


The shadow price of the pool of labour in the areal is the 
difference between the total inputs on attracting manpower 
to the areal from outside the region, and the inputs on employ- 
ing local labour. The higher the inputs on local labour, con- 
sequently, the lower is the shadow price of the pool. With 
canonic interpretation of the shadow price for increasing 
the amount of labour in the areal by one unit, the value of 
the objective function is diminished by ®,, i.e. the higher 
the inputs on employing local labour, in our case, relative 
to the inputs on attracting labour, the lower the efficiency 
of the areal’s manpower will be compared with other areals. 

Let us consider in more detail the problem of forming the 
constraints that describe the functioning of manpower in an 
areal. As already mentioned, the constraint on manpower in 
the model being studied is divided into the input-output 
matrix of the employment of labour and the limitation from 
above on the variable of the quantity of local labour em- 
ployed [see constraints (12.6) and (12.7)]. 

Another formalisation is possible, without distinguishing 
the variable x,. It can easily be shown that, with a certain 
method of accounting for input (in conditions of labour 
shortage), the shadow prices of the siting of the same types 
of output coincide in both cases. Thus both ways of account- 
ing for labour are legitimate, but with the second one the 
dimension of the problems is reduced. This singling out of 
a variable of the use of local labour, however, makes it 
possible (1) to allow for the effect of local factors on the 
location of industry, and (2) to take account of their effect as 
well with partial utilisation. In the light of these reasons, 
the formalisation introduced into the model under review is 
preferable, in our view. 

The formalisation of the use of land and its properties 
are similar to the formalisation and properties of manpower. 
In fact inequalities (12.3) and (12.4), which reflect the allo- 
cation of land in the model are subordinate to Property 5, 


18* 


TERRITORIAL INDUSTRIAL COMPLEXES 276 


the sense and proof of which are similar to those of Property 4 
characterising the formalisation of manpower. 
Property 5. Constraints (12.3) and (12.4) are satisfied 


in the optimum plan as equalities. 
In the optimum plan it holds that, if di: 7,5 > 0, then 


Ge = 0 N ae eS 0;sand if te OMY tes Lary tient Phe = 
ae ui for Vi. : 
Consider the structure of the shadow prices of the limi- 
tations on land. If the areal is involved in the territorial 
division of labour as a producer of output, i.e. Ji: 2, >0, 


then yi™4>0, and ySi’ > 0, ie. land is used for both 
industrial and civil building in the areal. By the condition 
of complementary non-rigidity, limitations (12.14) and 
(12.15) of the dual solution become equalities: on bas 


— Pnk = Nak} ’ 
ay — Unk = an eR ot Mine ap = == Man — an. (12.20) 


We find that B,,, i.e. the shadow price of land of grade n 
(cost of development) in areal k, is the difference between 
the shadow price of the direction of using land and the total 
inputs on developing it, i.e. the difference between the 
shadow price of the direction of using land and the total 
inputs on developing it by the given variant of utilisation, 
is identical for all variants of use and equal to the shadow 
price of the variant of the land’s grading. 

It follows from (12.20) that oj? — aflY = ame — acy 
i.e. that the difference between the nial prices of the 
variants of the use of land is the difference between the 
normalised inputs on developing it by the corresponding 
variants of use. This difference is constant for all grades of 
land. 

The model of the spatial structure of a region’s system 
of complexes thus satisfied one of the most important require- 
ments of regional mesomodels, i.e. it allows for the com- 
prehensive effect of local factors on the location of industry. 
In fact, the formalisation of regional conditions employed 
in the model makes it possible to allow (1) for their complex 
effect on the shaping of the optimum plan, which corresponds — 
to the requirement of the given level of planning, and (2) 
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for their effect as well with partial utilisation of the factors. 
The structure of the shadow prices of the limitations de- 
scribing the use of regional factors reflects the method of 
accounting for the inputs adopted in constructing the model. 

In the case of full exploitation of local resources the dimen- 
sion of the model can be reduced. This is particularly impor- 
tant when problems are being solved for the labour-hungry 
regions of Siberia. 

The condition of the existence of a solution makes it 
possible to establish the consistency of the initial informa- 
tion. An important property of the model is that there are 
no cross or cyclic freights in the optimum plan. 

The fact that the structure of regional mesomodels makes 
it possible to investigate them by the simple, efficient appa- 
ratus of duality theory should be noted in particular; thanks 
to that we can get information on the structure of the shadow 
prices of the optimum plan, establish certain properties 
of the model, and see whether the problem formulated can 
be solved by this model. 


13 


INTERPRETATION OF THE SHADOW 
PRICES OF SPATIAL MODELS OF 
TERRITORIAL INDUSTRIAL COMPLEXES 


N. I. Larina 


The spatial models of territorial industrial complexes, devel- 
oped and being used at present in the USSR, belong to the 
class of linear programming models by which both primal 
and dual solutions are obtained, as a result of which shadow 
prices can be obtained. One of the main properties of shad- 
ow prices is their concreteness, thanks to which they are 
widely used in mathematical economic analysis of the solu- 
tions of economic problems. We propose employing them 
to form the information links between the models of our 
system. 

As already noted, the models of complexes form a special 
type of econometric model that differs from those of sepa- 
rate sectors of the economy and intersectoral programme 
complexes, models of the point economy, and national eco- 
nomic spatial models. In view of that the shadow prices of 
the spatial models of complexes will have their own econom- 
ic character proper only to models of this type. Three 
groups of shadow prices can be distinguished in them: 

(1) shadow prices of the targets for shipments of the output 
of the specialisation industries, or of the assignments for 
siting enterprises; 

(2) shadow prices of the input-output matrices of the pro- 
duction and distribution of products (resources, services) 
in the various parts of a region’s territory (areals, sub-areals); 

(3) shadow prices of the limitations on the scale of pro- 
duction of output (services) for the different variants of the 
functioning of enterprises of the specialisation and comple- 
mentary industries and facilities of the infrastructure in 
the various areals (sub-areals); shadow prices of the limita- 
tions on the scale of utilisation of unused capacities of 
previously built facilities of the infrastructure; shadow 
prices of the limitations on the scale of exploitation of 
various categories of national and local resources. 

Shadow prices of the first group indicate the magnitude 
and structure of the full national inputs on meeting targets, 
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given proportional development of the elements concerned 
of the economy of the area being studied, and rational exploi- 
tation of its resources. The shadow prices of the second group 
indicate the size and structure of the unit outlays of any 
consumer of output of the specialisation and complementary 
industries, of the product (services) of the infrastructure, 
and of national and local resources at the sites of production 
activities of the infrastructure, and in settlements. And, 
finally, the shadow prices of the third group indicate the ef- 
ficiency of producing output (services) by different variants 
in separate areals (sub-areals), of using underutilised capac-: 
ities of previously built facilities of the infrastructure, and 
of exploiting resources of various category. These shadow 
prices indicate the rent or profit that the region (complex) or 
separate industries will benefit, if all the consumers consid- 
ered bear outlays for using output (services, resources) at the 
shadow prices of the second group. 

The structure and economic sense of the shadow prices 
of each group, and the link between them, can be brought 
out and established by analysing the conjugate constraints 
of the primal and dual solutions. The model of the spatial 
structure of a region’s system of complexes considered above 
(in Chapter 4), and the model of a complex’s spatial structure 
(Chapter 6), are very unwieldy and cumbersome for such 
analysis. The interconnections in them between the main 
facilities of the objects of investigation and between the 
different elements of these objects are described in detail in 
these models, which bring out the specific features of the 
economic problems solved by means of them, but complicate 
analysis of the shadow prices. Here we shall consider simpli- 
fied models, in which the character of the relations between 
the main objects of investigation is preserved, while the inter- 
connections between their separate elements are represented 
in summed or aggregate form. To write these simplified 
models we employ a new notation that helps avoid the need 
to indicate the field of change of the models’ (sets’) parame- 
ters, and so simplifies the structure of the expressions con- 
sidered, 
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1. SHADOW PRICES OF A SIMPLIFIED MODEL 
OF THE SPATIAL STRUCTURE OF A REGION’S 
SYSTEM OF COMPLEXES 


The mathematical writing of the model under consideration 
is given in Diagram 13.1. In contrast to the full model, not 
only are the volumes and directions of shipment in and out 
of output indicated, but also the areas of shipment, which 
makes it possible to obtain shadow prices of the targets for 
the supping out of output and of the limit on the bringing 
in of products by areas. The constraints 1 and 3 on the pro- 
duction and distribution of output of the specialisation indus- 
tries in the simplified model (in Diagram 13.1) correspond 
to constraints (4.1) and (4.2) of the full model; constraints 2 
and 4 of the simplified model (Diagram 13.1) correspond to 
constraints (4.3) and (4.5) of the full model. The constraints 
on the building and functioning of the infrastructure are 
represented in aggregated form in the simplified model; 
constraints 7 and 8 on the functioning of the transport system 
in the simplified model correspond to constraints (4.10) 
to (4.12) inclusive of the full model; constraints 14 and 415 
on the functioning of the power system in the simplified 
model correspond to constraints (4.22) to (4.30) inclusive of 
the full model. The building industry is not considered in 
the simplified model. The allocation of areals’ local resources 
(land, water), is aggregated and indicated without dis- 
tinguishing types, i.e. constraints 14 and 15 correspond to 
constraints (4.15) to (4.21) inclusive. 

As in the full model, the conditions for the use of local 
and imported manpower in areals is indicated, but a limita- 
tion on the number of jobs in the region as a whole is intro- 
duced, which allows us to consider variants of the building 
and siting of production activities, and to differentiate them, 
in addition to other characteristics, by indices of the employ- 
ment of manpower and capital investment, and to obtain 
shadow prices of the limit on manpower for the region. The 
optimality criterion has the’same economic nature as in the 
full model. 

The economic sense and structure of the shadow prices 
are readily brought out by analysing the correlation of the 
constraints of the primal and dual solutions for the objects 
of investigation. In the simplified model the specialisation 
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industries are taken as these objects, plus the complementary 
industries, the region’s transport and power systems, and 
areals’ manpower and other local resources. - 

Let us consider the concrete sense of the shadow prices 
of the constraints on the functioning of these elements of 
the economy in examples representing different situations 
of the optimum plan.* 

Shadow prices of the specialisation industries. These are the 
shadow prices (a) of the use of output (w;,), (b) of the ef- 
ficiency of production (8;,), and (c) targets for out-shipments 
of the product (u;z). The economic sense can be brought out 
by analysing equations 1, 3, and 6 of the primal solution 
(Diagram 13.1) and the first, and fourth to sixth dual solu- 
tions (Diagram 13.2). 

Situation 1. Let product i be made in areals k, and k, 
and shipped out through boundary areal ky to region k. 


The target for shipments of product i to region k is thus 
met, the production capacity of variant 7, of an enterprise 
located in areal k, is fully utilised, but that of variant r, 
of an enterprise located in areal k, is not fully used. 

By considering the corresponding equations of the primal 
and dual solutions, we write: 


if tk4 
Cihy=1> Pin 20; Wing = —— 
aR, 
T1 TL TL 7 
ae yy QjjW jn y ApiWyny + AaiWory + AziWer, + 
ig p 6 8 
r iRy rt thre aa 7 
+>) AyiWyhy + Ath FF ib oan ; (135.1)** 
ik ihy 


* For models of this type the existence of an optimum plan, the 
absence of cyclic cross freights, strict observance of the targets for 
shipping output of the specialisation industries, and the positivity 
of the shadow prices for the utilisation of output have been demonstrat- 
ed (see Chapter 12). These properties and the apparatus of the theory 
of duality (theorem of duality and the condition of complementary 
non-rigidity) are employed in the rest of the exposition, 


** Here, and subsequently, we see the symbol 3), to shorten the 
writing of the different expressions, bearing in mind that 
Sih a ihecra S! r r wf » r 
- +5) a;,Wjrt+ Dd, aWph+45;Wrt Oe; Ue, + Dy a, Wk: 
J 


‘ayer 
ik 


ik p v 
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ORS ih at SE iF wi, = 3s (43.2) 
Vingh > O > Ug = Wiksi (13.3) 
Vikihg > O=> Wikg = Wins + Ciniks + Cathy) = 
= 35h, + a + Cikghs + %(k1k3)) (13.4) 
ihy 
Vikohg —> 0 => Wikg = Wik + Cikghg + %(hohg) = 
= Biky + Cinghs + Highs): (13.5) 


Comparing the last two equations, we find: 


r41 TQ iat : 
Bin, = Ainy [Bik — Paky + Cingrs + &haks) — Cthiks —Chrk,)]- 


(13.6) 


Substituting this expression in equation (13.1) we write: 


Wihy = Biky + [Cinohs + H(hoks)— Cinthg — %(hyhg)]- (13.4) 

By analysing the structure of these expressions and com- 
paring them, we bring out the specific nature of each of the 
shadow prices being studied and establish the character of 
the link between them. 

The shadow price of the use of the product (w;,) charac- 
terises the outlay of consumers of this product. The size 
of the shadow price indicates how much the outlay for the 
region will be increased, if demand for this product in any 
one areal rises by a unit. The structure of this shadow price 
indicates what occasions the rise in inputs. 

In the limiting areal of a production activity* the shadow 
price of exploitation is equal to the full unit inputs on its 
output, i.e. to expression (13.2), which embraces the direct 
unit input corresponding to the production variant employed 


T 2 
ike 
T.? 


in the optimum plan ( i and the sum of the unit 
ihe 

inputs of the feedback arising through development of ele- 

ments of the economy in the region serving the given variant. 


* The areal in which a production activity is sited has a zero shadow 
price of the efficiency of production in the optimum plan, In the situa- 
tions being considered above, only those cases are analysed in which 
iS capacities of the production activities do not reach the upper 

imits, 
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In the model being investigated the feedback inputs con- 
sist of the region’s total input on producing the output of 
the specialisation and complementary industries in the 
volumes consumed in the given production process 


(Zahn, +S aftrpn,) 


the total input on power supply (a;2w.,,), the total 
input on settling and serving the population and devel- 


oping the service industries and infrastructure (az3we,,) 
and the full input arising from exploitation of areals’ local 


resources (>) ayiWyp,). 


Vv 

The given shadow price is represented in the shadow prices 
(i) of the use of products of other areals, (ii) of the targets for 
import of products, and (iii) of the efficiency of production, 
i.e. expressions (13.5) and (13.1a), (13.3), and (13.6). This . 
means that the level of the region’s total unit inputs on 
output in the marginal areal of production affects the outlays 
of all consumers wherever they are situated, and on the effi- 
ciency of the functioning of similar production activities in 
other areals. 

In an areal in which there is no local industry the shadow 
price of the use of a product is equal to the sum of two quan- 
tities: namely, (a) the region’s total unit costs of its output 
in the marginal areal of the production activity; and (b) 
the size of the total transport costs of delivering a unit of 
product from the areal of the production activity, i.e. ex- 
pression (13.5). 

In the effective areal of a production activity* the shadow 
price of the use of a product is determined by the level of 
the region’s total unit costs of its output in the marginal 
areal of production and the difference in the transport costs 
of delivering a unit of the product to the limiting region of 
consumption** from the marginal and effective areals of 
production, i.e. expression (13.1a). The shadow price of the 


* The areal in which the production activity is sited has a positive 
shadow price of efficiency in the optimum plan,;In this case the capac- 
ity of the activity reaches the upper limits, 

** The region (areal) in which demand for the product under consid- 
eration is satisfied in whole or in part from the marginal areal of the 
production activity, 


TERRITORIAL INDUSTRIAL COMPLEXES 284 


efficiency of production is equal to the sum of two quantities: 
namely, (a) the difference between the region’s total inputs 
on producing output in the marginal areal and in the areal 
concerned; and (b) the difference between the total cost of 
transporting the product from these areals to the marginal 
region of consumption, i.e. expression (13.6). 

The shadow price of shipping a product out of the region 
(w,~) shows what costs the region bears in producing and 
transporting a unit of the product to the boundary areal. 
Its value is always determined by the level of the region’s 
total unit cost of making the product in the marginal areal 
of the production activity and the level of the total transport 
costs of delivering a unit from this areal to the boundary 
areal, i.e. expressions (13.3) and (43.5). 

The shadow prices of the complementary industries are the 
shadow prices of the use of a product (wp,), of the efficiency 
of a production activity (a},,), and the efficiency of imports 
of the product (npg). In order to bring out the economic nature 
of these shadow prices, we assume (as in the optimum plan) 
that equations 2 and 5 of the primal solution (Diagram 13.1) 
and 2° and 7° to 9° of the dual solution (Diagram 13.2) are'met. 

Situation 2. Let product p be produced in areals k, and ky 
and shipped to areal &,. Suppose that the opt hand Aan 
includes variants r, and r, of the output of product i in areal 
k, and variant rs in areal k,. Then the productive capacities 
of the r; and rs variants are fully used, but those of variant r, 
are underutilised. 

By analysing these equations as indicated in Situation 1, 
we can immediately write the values of the shadow prices 
being investigated: 


denen Eh, pt eee Sips 2 
Wpky = Sphy 2: UpWiny FL: Ap’ pWprhy + AapWony + 
C p’ 


T9 \ ¢ Yc 
+ agen, + >) aywyr, = STR, *3 (13.7) 
a 


* Here and subsequently in this chapter we use the symbol ark 
to write the eae Cab open in order to save space: thus 


r 
a5, = Sok +>) 4 pune 2) Qh Wp tas) Wan tae, We at 2 ay, Wyk. 
i 
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T1 T9 Tr T 9 
Aphy =k, —3rh, Oph, ==='(); (13.8) 
T2 Ps 
Woh = Sphy + Cphyhy + Hib yhe)s (13.9) 
J Bikes FZ ill mfe 5 
Wphs = Sphg + &phs = Fphy + [Conyhe + Xinha) — Cphgh» — %hghs)]3 
(13.10) 


Ts 9 Ts 
Oph; =s9 {Spky = phs| + [Cpryko + O(hyh2) — 
> Cohghy — %hgho)] - sit) 


Taking these expressions into account we see that the 
economic nature of the shadow prices of the use of a product 
of the complementary industries (w,;) and of the efficiency 
of a production activity (a),) are similar to the economic na- 
ture of the corresponding shadow prices of the specialisation 
industries. But, since the conditions of the siting of sepa- 
rate production activities of the complementary group in 
areals differ from those of the location of the specialisation 
industries (for the former it is permissible to build several ~ 
similar facilities in one areal, but for the latter it is imper- 
missible to build more than one production activity), the 
prices concerned will have a different structure. It is not 
enough, in order to interpret it, to indicate the areal where 
the marginal] facility is located; the variant of the production 
activity must also be indicated. Taking that into account 
we can give the following description of the shadow prices 
of the complementary industries being considered. 

In the areal in which the marginal variant of a production 
activity* is located, the shadow price of the use of the product 
is equal to the size of the region’s total unit inputs and the 
sum total of the unit costs of the feedback arising from 
development in the region of elements of the economy serving 
this variant, i.e. expression (13.7). This shadow price forms 
part of the structure (a) of the shadow prices of the efficiency 
of the variants of making this product, i.e. expressions (13.9), 
(13.10), and (13.8), (13.11). This means that the level of 
the region’s total unit costs of producing output by the 
marginal variant affects the outlays of all consumers of the 


* The variant that has a zero shadow price of efficiency in the opti- 
mum plan, In the situations being considered only those cases are ana- 
lysed in which capacities of the production activities are below the 
upper limit, 
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product and the efficiency of the operation of analogous pro- 
duction activities wherever they are located. 

In an areal in which there is no local production activity, 
the shadow price of the output utilisation is determined by 
the level of the region’s total unit costs of making this 
product hy the marginal variant and the level of the total 
costs of transporting a unit of output from the areal where 
this variant is located. 

In an areal in which there is one or more effective variants 
of a production activity*, the shadow price of the use of the 
product is determined by the level of the region’s total unit 
costs of making this product by the marginal variant and 
the difference between the total transport costs of delivering 
a unit of the product to the marginal areal of consumption 
from the areal where the marginal variant is located and 
from the areal concerned, i.e. expressions (13.9) and (43.10). 

The shadow price of the efficiency of a variant of the build- 
ing and siting of a complementary production activity de- 
pends on the areals (i) of the location of the effective and 
marginal variants of output of the product and (ii) of the 
marginal areal of its utilisation. If the marginal and effective 
variants of a production activity are located in the same 
areal, the shadow price is equal to the difference between the 
region’s total unit costs of making the product by these 
variants, i.e. expression (13.8). If the marginal and effective 
variants are ocated in different areals, the shadow price 
includes the difference between the total transport costs 
of delivering a unit of the product from one of these areals 
to the marginal areal of consumption, i.e. expression (13.11). 

In order to elucidate the economic nature of the shadow 
price of the import of a product (y,3%), let us consider the 
following situation. 

Situation 3. Suppose that product p is brought into areal 
of consumption k, from region & through boundary areal k,, 
the limit on imports being fully observed, and a need arising 
to limit production within the region being considered. 
Let the conditions of the production of this product be the 
same as in Situation 2. 


* The variant that has a positive shadow price in the optimum plan. 
Production capacity under this variant always reaches the upper limit. 
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Taking expression 4 of the primal solution into account 
(Diagram 13.1), and also equation 9° of the dual solution 
(Diagram 13.2), we write: 


Woks = Spang T Upk 1 Chaka + U(hakee)- (13.12) 
Comparing (13.12) with expression (13.9), we find: 


Noh ee [Spry a Cphkihko ie Ak ho)] oe [Sans = Cyokshy Sie O(kiko)] : 
(13.13) 


By analysing the structure of expression (13.13) we see 
that the shadow price of the limit on imports of a product 
that is also made within the region being considered is equal 
to the difference between the total transport and production 
inputs of delivering a unit of the product to the marginal areal 
of consumption from the areal of the location of the marginal 
variant of its production and from the region of import. 
It indicates by how much inputs would be reduced in the 
region as a whole if the limit on importing the product could 
be raised, i.e. it characterises the efficiency of using the 
imported product in the region. The value of this shadow 
price does not here affect consumers’ outlays. As in the pre- 
vious situation the shadow price of the use of a product is 
determined by the region’s total unit costs of making it 
by the marginal variant and the total transport costs of deliv- 
ering a unit of it from the areal where this variant is locat- 
ed, as can be seen from substituting expression (13.13) 
in expression (13.12). 

The shadow prices wp; and pz will have a different struc- 
ture if it is either impossible or undesirable to organise local 
production of the product in the region being considered. 
This can be demonstrated by analysing the following situa- 
tion. 

Situation 4. Let product p be imported into areal k, 
from regions k, and k,. Imports from region k, are made through 


boundary areal k, and from region k, through boundary 
areal k,, the limit on imports from region k, having been 


exhausted, but not that for region k,. 
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Then, considering the corresponding expressions of the 
primal and dual solutions, we can write: 


Wpky = Sogn + Nk pk, =: (13.14) 
Wore =Sehsngr pkg =O (13.45) 
Woks = Sifspy 1b Cphakg 1b Uhaks)s (13.16) 
Nok = |Sp&yey 1 Sphzhs + &(Rshs)] — (8,214, 1 Corsky P %(haks)]- 
(13.17) 


We see that the shadow price of the use of a product in 
any areal is determined by the level of the unit costs (of 
production and transport) of the marginal region of import.* 
In the marginal areal of consumption, and in the areal where 
demand is met only by imports from the marginal region, 
the shadow price is equal to the value of the inputs on deliv- 
ering a unit of the product from the marginal region of im- 
port, i.e. by expressions (13.16) and (13.15). In the areal 
where demand is met only by imports from the effective 
region**, the shadow price is equal to the sum of two quan- 
tities: namely, (a) the value of the direct inputs on importing 
of the product from the effective region; and (b) the shadow 
price of the limit on imports, i.e. expression (13.14). The 
shadow price of the limit on imports is equal here to the 
difference between the total unit costs of delivering the 
product to the marginal areal of consumption from the margi- 
nal and effective regions of import, i.e. expression (13.17). 
This will readily be seen by substituting expression (13.17) 
in expression (13.14). 

The shadow prices of the transport system. These are the 
shadow prices of the efficiency (a) of the reserve carrying 
capacity of the section of the system concerned (cp) 
and (b) of the reconstructed section (6:,,’,). In order to under- 
stand their economic nature we shall analyse several simple 
situations of the optimum plan, taking into account the 
appropriate equations 7 and 8 of the primal solution (Dia- 


* The region with a zero shadow price of the efficiency of import 
in the optimum plan. In the situations being considered it is assumed 
that the limit on imports from this region is not fully exhausted. 

** The region with a positive shadow price of efficiency of import. 
The limit on imports from this region is always completely used up. 
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es 13.1) and equation 12° of the dual solution (Diagram 

Situation 5. Let the reserve carrying capacity of section 
(A,ky) be fully utilised, for which freights of product i are 
carried from areal k, to areal k, by two routes: namely, by 
section (k,k,.) and through areal ks by sections (kk) and 
(k3k,). The reserve capacity of sections (k,k3) and (k3k,) 
are not fully exploited in the optimum plan, therefore no 
need arises to extend them. These constraints can be written 
as follows: 


Ohyho) = (Cikyhs + Cikgha) — Cikyho- (13.18) 
Now assume that the optimum plan provides for reconstruc- 
tion of section (4,k,), with the previous directions of freight 
traffic. Since 2(,,,,) =1, then By,,,) > 0, and constraint 12° 
of the dual solution is satisfied as a strict equality. After 
transforming it, taking (13.18) into account, we find: 
Bongo) = T(r pr eycrrha) — [S(raesy + Morgans) @oerea)Wany + 
a T1 (yh o)Ze(hyhoyEn, | 7 Tirths) [Cikiks sip Cikgho a Cik ko] 3 
7s [Starkey i se A ra SD = Thins oy @e(hyho) Wen] (13.19) 


If we allow for the fact that the reconstructed carrying 
capacity of the section concerned is not fully exploited, i.e. 
that 0 < 2lh,n,) <1; the following holds: 


Buayke) == 105 


r 
S(hyhe) 


Wonks) 


CHAS ee “| Go(aske)Wokr + Gecnike Wen (13.20) 


Let us then consider the case in which the limited nature 
of the reserve carrying capacity of the section affects the 
Jocation of production activities directly as a limitation on 
the scale of production in various areals rather than indi- 
rectly through the distribution of freights of the product. 

Situation 6. Let the reserve carrying capacity of section 
(k,k,) be fully utilised without reconstruction of the section. 
The demand of areal k, for product i is met by imports from 
areals k, and ks, the reserve carrying capacity of section 
(k,k,) and the productive capacities of activities located in 
areals k, and k, not being fully exploited. 


19-0375 
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In this situation it is necessary to consider equations 4 
and 6 of the primal solution (Diagramj13.1) and equation 1° 
of the dual solution (Diagram 13.2), as well as those employed 
above. Analysing them as was done in Situation 1, and using 
the notation employed there, we write: 


Ahihe) = (Sik; i Sikhs) Hi (Cikghs ee Cihhy)- (13.21) 

Suppose now that section (k,k,) is being reconstructed so 

that its carrying capacity will be fully exploited, without 

altering the marginal conditions considered above of the 

production activities of industry i. We then obtain the shad- 

ow price of the variant for reconstructing the section having 
substituted expression (13.21) in (13.19): 


Bir yko) a Thr sk) [Sits ae Sits “re Cikgh, — Cihyho] a 
te [Svnyho) 7 T(ho)@o(hyho)Wons + Tin yy) @e(hyho) Wer, |- (13.22) 


Economic analysis of the structure of the expressions con- 
sidered in Situations 5 and 6 enables us to elucidate the na- 
ture of the investigated shadow prices. 

The shadow price of the efficiency of the reserve carrying 
capacity of section of the transport system (a %,)) is formed 
in each concrete case in accordance with how this reserve 
affects the distribution of freight traffic and the location of 
production activities. If the limited nature of the section’s 
reserve Carrying capacity makes it necessary to use a more 
expensive route, then this shadow price is equal to the differ- 
ence between the transport costs of carrying a unit of the 
product that limits freight traffic*, i.e. expression (13.18). 
If the limited character of asection’s reserve carrying capac- 
ity necessitates its reconstruction, and the new capacity is 
not fully exploited, then the shadow price is equal to the 
size of the region’s total costs of reconstructing this sec- 
tion, i.e. expression (13.20). If the limited character of 
a section’s reserve carrying capacity directly affects the 
location of production activities, then the shadow price 
of this reserve is the sum total of two values: namely, (a) the 


* The product that is delivered to the areal of consumption by 
two or more routes from one or more areals of production, the routes 
obligatorily including sections whose reserve carrying capacity is 
fully exploited, including the possibility of reconstructing them. 
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difference between the region’s total costs of making a 
unit of the product limiting freight traffic by means located 
in the marginal areals of production; and (b) the difference 
between the direct transport costs of delivering a unit 
of the product to the areal of consumption, i.e. expression 
(13.21). The section of the transport system under consider- 
ation here must link one of the marginal areals either di- 
rectly or through other sections with the areal of consumption. 

As will be seen from expressions 4°, 6°, and 7° of the dual 
solution (Diagram 13.2), shadow price a ,,) affects the 
size of the shadow prices of all the types of product carried 
by the section concerned. Consumers’ outlays thereby re- 
flect the region’s total transport costs of carrying a product, 
i.e. not only the direct transport costs of carrying specific 
types of product but also the inputs borne by the region 
because of the limited character of the reserve carrying capac- 
ity of the individual sections. The shadow price of the 
efficiency of the reconstruction variantifor asection also depends 
on how the section’s reserve carrying capacity affects the 
location of production activities. If the effect is indirect, 
i.e. through a change in the freight route, then the shadow 
price is equal to the difference between two quantities: 
namely, (a) the magnitude of the direct transport costs of 
carrying the product limiting freight traffic by the expensive 
route and by the one concerned in the volume of the carrying 
capacity of the variant of reconstruction; and (b) the size 
of the region’s total costs of carrying out this variant of 
reconstruction, i.e. expression (13.19). If the effect is direct, 
through a change of the areals where production activities 
are located, then the shadow price has a different structure 
[see expression (13.22)]. 

Shadow prices of the power system. These are the shadow 
price of the use of electricity (w,,) and the shadow price 
of the efficiency of the power source (f3,). In the model 
considered a region’s power system is represented by large 
generating stations and transmission lines, assuming that 
the stations are located together with other elements of 
the economy by areals, and that the transmission lines 
connect up these areals. This simplification makes it im- 
possible to bring out a whole variety of intrasectoral con- 
ditions of the functioning of the regional power system, and 


a * 
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allows us only to trace the system’s links with other ele- 
ments of the region’s economy in aggregated form. 

The mathematical expression of the constraints on the 
functioning of the power system in the model concerned is 
similar to that of the complementary industries. Therefore, 
if we analyse equations 9 and 10 of the primal solution 
(Diagram 13.1) and equations 3°, 10°, and 11° of the dual 
solution (Diagram 13.2), as we did in Situation 2, we can 
elucidate the structure of the shadow prices of the power 
system of the model being considered. 

The shadow price of the use of electricity in an areal 
indicates the consumers’ expenditure. In the marginal areal 
this shadow price is established at the level of the region’s 
total unit costs of building the marginal generating station. 
These costs consist of the total direct inputs, which reflect 
the specific industrial nature of the generating station and 
the sum total of the inputs of the feedback that characterises 
the specific nature of the station’s external connections with 
the region. In the model concerned feedback inputs consist 
of the cost of developing complementary industries whose 
output is consumed by the generating stations, and the 
costs of providing services for the manpower, employed at 
a given generating station, and the members of the workers’ 
families. In other areals the shadow price is established taking 
account of the costs of building transmission lines from 
the marginal generating stations. 

The shadow price of the efficiency of separate generating 
stations is determined by the functioning conditions of the 
given and marginal stations and those for building transmis- 
sion lines to the marginal areals of consumption of power. 

Shadow prices of manpower. These are the shadow price 
of the employment of manpower (w¢;), the shadow price of 
local labour reserves (0), and the shadow price of the region’s 
limit on manpower (8). How these prices are formed can be 
found by analysing equations 11 to 13 of the primal solution 
(Diagram 13.1) and equations 13° and 14° of the dual solution 
(Diagram 13.2). 

Situation 7. Let the manpower limit for the region not be 
exhausted in the optimum plan. Areals that are not being 
developed are united into set Q,; areals in which production 
activities are being sited, but manpower reserves are not 
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being fully employed go into set Q,; while areals in which 
there is a demand for outside labour are put into set Q3. 
In this situation the following holds: 


for all areals 0=0; (13.23) 
fori kG Ot Op =05 4 weg 0; (13.24) 
for kE€Q, One) 


(sa+ >) Vinin + >) YonWpr + 
i D 


Wey, = : 
bk 1—e, 


++ YorWon + >) Yortvn) § (13.25) 
Vv 


for fp eUs0.= (Ag. spi 92 AyynWvk — 


— Di Yoatvn 3 (13.26) 
v / 
1 
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By analysing the structure of these expressions we see 
that the shadow price of the employment of manpower in a 
development areal indicates the size of the region’s total 
inputs on providing services for the population of that areal. 
It characterises the inputs both on providing services for 
the population, employed in the production activities under 
consideration, and on providing for the members of families 
not employed in these activities. The inputs consist of two 
amounts: namely, (a) the direct inputs on building elements 
of the social infrastructure and housing fund (s; or As,); 
and (b) the grand total of inputs on the feedback arising in 
the region in connection with the building of production 
enterprises whose output is consumed by the population. 
In the model under consideration this grand total includes the 
inputs on building the specialisation and complementary 
industries (>) yinWin-+ 2) Voip), on power supply (YorWox): 

i Pp 
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and on exploiting local resources (yypWy, or AYypWvn)s 
i.e. expressions (13.25) and (13.26). 

In an areal in which only local labour is employed, this 
shadow price is equal to the value of the region’s total costs 
of providing services for the local population, i.e. expression 
(13.25). In an areal in which both local and outside labour 
is employed, the shadow price is equal to the region’s total 
inputs on settling the outside labour, i.e. expression (13.26). 
There is another shadow price in this areal, as well: namely, 
that of the pool of local labour 0;, which is equal to the differ- 
ence between the region’s total costs of providing services 
(a) for the local population and (b) for that attracted to the 
areal. 

Now let the limit on manpower in the optimum plan for 
the region as a whole be fully exhausted, without the condi- 
tions for the allocation of labour having been altered. Accor- 
ing to the formalisation of the problem the variants con- 
sidered for the output of production are differentiated by 
indicators of capital and labour intensity, in addition to 
other characteristics. Given a manpower shortage for the 
region as a whole there is a product i in the optimum plan 
that is made by both capital-intensive and labour-intensive 
variants. Suppose that the productive capacities of these 
variants are not fully utilised in the optimum plan, and 
that they are located in the boundary areals k, and k, through 
which product i is shipped to region k&. For that k, and k, € Qs. 

By analysing the equations given above for the employ- 
ment of labour in the primal and dual solutions, and the 
equations considered in Situation 1, we can write: 
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By comparing these expressions with (13.23) to (13.26) 
inclusive, we find that the shadow price of the employment 
of labour in any areal, given a shortage of manpower in the 
region, will include the shadow price of the region’s man- 
power limit. In that way the conditions for exploiting scarce 
economic resources in all areals are evened out. 

This last shadow price indicates the saving in inputs for 
the region as a whole of using the labour-intensive variants 
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of production rather than the capital-intensive one. If these 
variants apply to a specialisation industry and are located 
in the various boundary areals through which the product 
is brought into one and the same region, then the shadow 
price is equal to the grand total of two quantities: namely, 
the difference between the total unit costs of making the 
product by these variants; and (b) the difference between the 
region’s total unit costs of providing services for the popu- 
lation in the areals concerned, corrected by a factor indi- 
cating the ratio of the indicators of labour-intensity of these 
variants, i.e. expression (13.27). Ifthe marginal production 
activities (as regards employment of manpower) are located 
in interior areals of the region, then the shadow price of the 
manpower limit will also include the difference between the 
total transport costs of delivering the product to the marginal 
consumer from these areals. If, however, the production activ- 
ities are located in one areal, then the shadow price will 
only include the difference between the total unit costs of 
making the product, etc. Note that a labour shortage in the 
region will be reflected only in the value of the shadow price 
of employment and will not affect the shadow price of the 
areals’ local labour reserves. This will be readily seen by 
comparing expressions (13.26) and (13.29). 

Shadow prices of the local resources of areals (land and{water). 
These are the shadow prices (a) of the exploitation of a re- 
source (wW,,) and (b) of the efficiency of the category of re_ 


source (a4,). The economic nature of these shadow prices 
can be understood by analysing equations 14 and 15 of the 
primal solution (Diagram 13.1), and equation 15° of the 
dual solution (Diagram 13.2). 

Situation 8. Let categories u, and pw, of resource v in 
areal k be exploited in the optimum plan. Then y#i = M4, 
and yy, < M3.’ By analysing these equations we write: 

Wyn = Bvk5 (13.30) 
OVA = OLE — BUH. (13.34) 


This means that the shadow price of exploiting a local 
resource in areal k is equal to the quantity of the direct 
costs of exploiting the marginal category of this resource, 
and indicates the consumers’ outlays on it. The shadow 
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price of the efficiency of the category of the resource is equal 
to the differences between the direct costs of exploiting 
the marginal category of this resource and the given one, 
and indicates the rent obtained by the region from exploiting 
the best categories of resources, given their rational alloca- 
tion between all consumers. 

We can now review the optimality criterion of the dual 
solution. The values of the objective functions of the primal 
and dual solutions are equal, of course, in the optimum 
plan. The objective function of the primal solution indicates 
the grand total of the region’s adjusted costs of meeting 
the targets for production and export of output of the spe- 
cialisation industries, given proportional development of 
all the elements of the economy and parts of the area con- 
cerned. That is to say, the economic nature of the objective 
function of the dual solution is also one of inputs. By ana- 
lysing its structure (i.e. expression 16°), we see that the terms 
corresponding to the target for shipping output of the special- 
isation industries have a positive sign, while the terms cor- 
responding to the limitation (a) on the operational scale of 
production activities and of the facilities of the infrastruc- 
ture in various areals, (b) on the limit of utilisation of the 
previously built underutilised capacities of the infrastruc- 
ture, and (c) on the limit on exploitation of local and national 
resources in separate areals or in the region as a whole, have 
a negative sign. 

Transposing the terms with negative signs from the ob- 
jective function of the dual solution to that of the primal 
solution, we write: 
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The structure of this expression can be interpreted as 
follows. The region’s total costs of meeting the targets 
for production and export of output of the specialisation 
industries consist of two kinds: namely, (a) the grand total 
of the direct costs of building and operating the elements 
of the economy that make it possible to meet these targets 
(the objective function of the primal solution or the expres- 
sion in the first square brackets); and (b) the grand total of 
the receipts from all consumers of the types of product, serv- 
ice, and resource under review (the expression in the second 
square brackets). These receipts are broken down in turn 
(a) into the rents received by the region as owner of the re- 
sources (local and national used up in development) and of 
the infrastructure, and (b) into the profit made by the indus- 
tries through rational siting of their facilities in the region. 


2, SHADOW PRICES OF THE SIMPLIFIED MODEL 
OF A COMPLEX’S SPATIAL STRUCTURE 


The mathematical expression of the model being investi- 
gated is given in Diagram 13.3. The main objects of investi- 
gation in this model are the enterprises of the specialisation 
industries, elements of the sub-areal’s infrastructure (heat 
and power stations; water installations and_ purification 
plant), transmission lines, separate sections of the transport 
system, local resources of the sub-areals (water and land), 
and the population of the towns being formed. 

Here, as in the full model (see Chapter 6), the solution of 
the siting of enterprises of the specialisation industries is 
given: constraint 12 (Diagram 13.3) corresponds to con- 
straint (6.2). In contrast to the full model, however, the 
input-output matrices of the production and distribution 
of the output of these industries are not considered, since 
they are similar to the corresponding constraints of the 
model treated above, and their shadow prices will have the 
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same structure. In that case the transport costs wiil be taken 
into account in the indices of the direct costs of building 
the sited enterprises, and the simplified model will include 
constraint 6 (Diagram 13.3), which indicates the existence 
of a transport link between each pair of enterprises con- 
sidered. 

In contrast to the full model, the condition for the build- 
ing and operation of the complementary industries is not 
considered, i.e. equations (6.3), (6.4), (6.9), and (6.10) are 
omitted. On the other hand, the condition of the building 
and operation of the complex’s infrastructure is given in 
greater detail: the specific nature of the functioning of the 
facilities of a sub-areal’s infrastructure, the output of which 
is immobile, is disclosed through constraints 3 and 4; con- 
straints 9 to 11 inclusive show howthe complex’s power sys- 
tem is formed, while constraints 7 and 8, which correspond 
to constraints (6.6) to (6.8) inclusive of the full model, rep- 
resent the separate sections of the transport system. 

The constraints on the employment of labour and local 
resources of the complex are given in simplified form in the 
model being studied. Instead of constraints (6.5) and (6.11) 
to (6.13), which bring out the specific character of the forming 
of the employment input-output matrix for a sub-areal, one 
constraint only is considered for the forming of the total popula- 
tion of a sub-areal: namely, constraint 5 (Diagram 13.3). 
This simplification is due to the fact that the effect on the 
shadow price of the employment of labour of the difference 
between the use of local and outside labour was already con- 
sidered when the shadow prices of the model of the spatial 
structure of the system of complexes were investigated, 
while the effect of the difference in employment of male and 
female labour was shown earlier (see Chapter 11). For that 
reason the simplified model shows the constraints on using 
a sub-areal’s territory, constraints 1 and 2 corresponding to 
constraints (6.14) to (6.18) inclusive. The sanitation require- 
ments for the siting of enterprises [constraint (6.19)),are 
omitted in the simplified model. The optimality criterion 
has the same economic nature. 

As before, so as to bring out the economic sense and struc- 
ture of the different shadow prices, we examine how the 
conjugate equations of the primal and dual solutions (Dia- 
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eram 13.4) for the main objects of investigation are satisfied 
in the optimum plan. 

Shadow prices of land. These are the shadow price of 
the utilisation of land (wg), and the shadow price of the 
efficiency of the category of land (v#). In order to elucidate 
their economic nature we analyse equations 1 and 2 of the 
primal solution (Diagram 13.3) and equation 2° of the dual 
solution (Diagram 13.4). 

Situation 9. Suppose that one or more enterprises of the 
specialisation industries are sited in sub-areal q, i.e. that 
its land is occupied by industrial and civil building, land of 
uu, category being completely utilised and that of pw, cate- 
gory partially so, i.e. 

jie Srhes banc prea bi. Considering these equations 
we write: 


wees (13.33) 
CRE ee pe (13.34) 


That is to say, the shadow price of the utilisation of a sub- 
areal’s land is equal to the value of the direct costs of 
utilising a unit of land of the marginal category.* It indi- 
cates the compensation costs of the various facilities built 
in the sub-areal to make up forthe farmland used for indus- 
trial and civil building.{But the shadow price of the efficiency 
of the different categories is equal to the difference between 
the direct costs of utilising a unit of the marginal category 
of land and a unit of the land under consideration. It also 
indicates the rent obtained by the complex from the sited 
facilities, as owner of this type of resource. 

Shadow prices of a sub-areal’s infrastructure. These are 
the shadow price of the use of services of the infrastructure 
(Urq) and the shadow price of the efficiency of a variant of 
building the infrastructure (vr,). The conditions of the dis- 
tribution of the product (services) of a sub-areal’s infra- 
structure and that of the building and functioning of the 
separate facilities are similar to the analogous constraints 


* The land that has a zero shadow price of efficiency in the opti- 
mum plan, Here we consider the case when this land is not wholly used 
for building. 
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of the complementary industries in the model of the special- 
isation of a region’s system of complexes previously con- 
sidered. The difference is that the product of the complemen- 
tary industries is moveable while the products (services) 
of the facilities of the sub-areal infrastructure are consumed 
where they are located. This peculiarity is reflected in both 
the structure and the sense of the corresponding shadow 
prices. Analysis of equations 3and4 ofthe primal solution 
(Diagram 13.3) and equation 3° of the dual solution (Dia- 
gram 13.4) helps to clarify this. 

Situation 10. Let one or more enterprises be located in 
sub-areal g and a need rise for the product (services) of its 
infrastructure, which is met through the functioning of two 


variants (facilities) r, and 7r,, so that Ytq = Bra, OP yrq =< 
< Br. Employing these equations we write: 


rT r | 
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Economic analysis of the structure of these expressions 
indicates that if two variants of one type of a sub-areal’s 
infrastructure are built in one sub-areal, the shadow price 
of using their product (services) will be determined by 
the level of the complex’s total unit costs of building and 
operating the marginal variant, and will consist of the direct 
unit costs of building and operating the marginal variant 
(stq) plus the grand total of the unit inputs of the feedback 
arising through utilisation of the sub-areal’s resources or 
the product (services) of other types of infrastructure. In 
the model concerned the input of the feedback is (a) on com- 
pensating for farmland taken up by industrial projects 


(a7,?Wq), (b) on using the product of the other types of the 


a Q | . 
sub-areal’s infrastructure (> ar Ug) (c) on developing the 
Tt’ 


* Here, as before, the symbol 34 is used to condense the writing 
of the separate expressions, 
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transport system(>) T¢,gwa),and (d) on power supply (97 w8). 
a 


The shadow price of utilisation indicates the outlays of 
consumers of this type of product (service) of the infrastruc- 
ture. 

The shadow price of the efficiency of a variant of building 
a facility of the sub-areal infrastructure is equal to the differ- 
ence between the complex’s total unit costs of building the 
marginal and given variants. By comparing these shadow 
prices with the corresponding shadow prices of the comple- 
mentary industries we see that they are determined solely 
by the sub-areal’s conditions of the building and operation 
of these production activities. 

The shadow price of providing services for the population 
(u,). As already mentioned, the constraints on the employ- 
ment of labour are not investigated in the model of a com- 
plex’s spatial structure, but only those of providing the 
population with services in a sub-areal. The assumption 
made of the proportionality of the population of the towns 
being formed to the size of the labour force employed in 
the enterprises of the specialisation industries allows us to 
represent the total costs of providing for the population in 
the costs of siting the enterprises. The scale of the model 
is thus reduced by excluding constraint 5 (Diagram 13.3), 
but it then becomes more difficult to elucidate the size and 
structure of the total costs of providing services for the 
population of a sub-areal as a whole. The population of the 
towns being formed is, therefore, an autonomous object of 
investigation in the model being considered. In order to 
bring out the structure and sense of this shadow price we 
allow for the fact that equation 5 of the primal solution 
(Diagram 13.3) and equation 4° of the dual solution (Dia- 
gram 13.4) are met in the optimum plan. 

Situation 11. Let one or more enterprises be located in 
sub-areal g and a need rise to build a town. For this sub- 
areal we write the following as the basis for analysing these 
equations: 


Ug = Sgt ywqt ps ViUrg + IwG. (13.37) 


It will be clear from this expression that the shadow price 
of providing the sub-areal’s population with services indi- 
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cates the magnitude of the complex’s total costs of build- 
ing a town. These inputs comprise (a) the direct inputs, 
i.e. the volume of capital investment on building the aggre- 
gate of facilities of the social infrastructure, including hous- 
ing (Sg), and (b) the grand total of the inputs of the feed- 
back. The latter consist of the inputs to compensate for 
farmland used for civil construction (yw,), on building facil- 
ities of the sub-areal infrastructure serving the population 


(DVPrurg), and on power supply, i.e. on building transmission 


lines (Iw). 

Shadow prices of the complex’s power system. These are 
the shadow price of using electricity (w%), the shadow price 
of distributing the electricity generated by power stations 
(wz), and the shadow price of the efficiency of a generating 
station (vz). The constraints on the functioning of the power 
system are represented in the model being investigated by 
the input-output matrices of the distribution of electricity 
from the individual sources, the distribution of electricity 
in sub-areals and the limitations on th: use of reserve generat- 
ing capacities in previously built power plants. In contrast 
to the model of the spatial structure of a region’s system 
of complexes, the constraints on the building and operation 
of new generating stations are not taken into account here, 
and their sites do not coincide with the location (by sub 
areals) of the consumers. The shadow prices of the power sys- 
tem will, therefore, have a different structure in the given 
model. We examine them by analysing equations 9, 10, 
and 11 of the primal solution (Diagram 13.3) and expressions 
5° to 8° inclusive of the dual solution (Diagram 13.4). 

Situation 12. Let sub-areal q be supplied with power 
from two sources g, and g,. The reserve capacity of these 
generating stations is fully utilised, there are no possibili- 
ties of further development of source g,, and it is necessary 
to extend the capacity of source gj. For that situation, the 
following holds: 


9 . 
Wg = Sgoq + Sgo; (13.38) 
3 9 \ D359 
Wy, = Sgo + Sgoq— Seiqr Ver = Sg2— Car + Sgoq— Seuqi (13.39) 
9 9 , j 
Wg, = Sgq1 Vg, = Seo — Cee: (13.40) 
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As will be seen, the shadow price of the utilisation of 
electricity in a sub-areal is established at the level of the 
complex’s total unit costs of building the transmission 
lines to carry current from the marginal generating station*, 
i.e. expression (13.38). 

The shadow price of the distribution of current from the 
marginal source is equal to the amount of the direct costs 
of generating power by new capacities, and of the effective 
generating source, i.e. by the difference between two quan- 
tities: namely, (a) thecomplex’s total unit input on generat- 
ing and transmitting electricity from the marginal source 
to the limiting consumer (sub-areal); and (b) the total unit 
costs of transmitting power to this consumer from the 
given generating station, i.e. expression (13.39). 

The shadow price of the efficiency of previously built 
capacity of the marginal generating station is equal to the 
difference between the costs of generating electricity by 
new and existing capacities [expression (13.40)] and the 
shadow price of the efficiency of the existing capacities of 
the effective generating source** is equal to the difference 
between the complex’s total unit costs of generating and 
transmitting electricity to the marginal consumer (sub-areal) 
from the given power source and the effective one. 

Shadow prices of the transport system. These are the shadow 
price of exploitation of a section’s carrying capacity (wg), 
the shadow price of the efficiency of its reserve carrying capac- 
ity (vg), and the shadow price of the transport links of 


enterprises (w};,"). These shadow prices have a different 
sense and structure than the analogous ones in the simplified 
model of the spatial structure of a region’s system of com- 
plexes, since the transport system is represented differently 
in this model, in which only those sections of the transport 
system are examined whose reserve carrying capacity is 
insufficient to carry the intracomplex freights. These sections 
are found before solution of the problem by analysing the 
possible transport links of the enterprises being sited. To elu- 
cidate the economic nature of these shadow prices we analyse 


* The power station at which the previously built reserve capacity 
is fully utilised and there is a need to build new capacity. 

** The power station at which the existing reserve capacity is 
fully utilised and there is no possibility of building new capacity. 
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equations 6, 7, and 8 of the primal solution (Diagram 13.3) 
and equations 9° and 10° of the dual solution (Diagram 13.4). 

Situation 13. Let the reserve carrying capacity of section d 
of the transport system be fully utilised in the optimum plan, 
and let it be necessary to reconstruct this section. After 
examining the expressions above, we write: 


Vg=Sd, Wg=Ugq- (13.41) 


This means that if a section’s reserve capacity is fully uti- 
lised in the optimum plan and there is a need to reconstruct 
it, the shadow price of exploiting itscapacity will be estab- 
lished at the level of the inputs needed to reconstruct it. 
In order to elucidate the economic sense of the shadow price 


of transport links (w/j;,7), it is necessary first to analyse the 
shadow prices of enterprises. 

The shadow price of enterprise (u;) corresponds to the as- 
signment for siting it within the complex (constraint 12 
of Diagram 13.3). This constraint is not introduced into 
the model for all enterprises. It depends on constraint 6 
(Diagram 13.3), which indicates the existence of intracomplex 
transport links between the pairs of enterprises being consid- 
ered. The whole aggregate of enterprises located in the 
complex is divided into two groups according to this charac- 
teristic: namely, (a) enterprises without intracomplex links 
for delivering output; and (b) enterprises with such links. 
Constraint 6 (Diagram 13.3) is absent for all enterprises 
of the first group, while constraint 12 (Diagram 13.3) is 
absent for some of the enterprises of the second group, which 
may be either suppliers or consumers of goods. The assign- 
ment for siting these enterprises in the complex is put into 
the model indirectly—through the constraint on the connec- 
tion with suppliers (consumers), i.e. constraint 6 (Diagram 
13.3). The structure and sense of the shadow prices u; and 


w;jq? will depend on which group the enterprises being 


considered belong to. To establish that we analyse equations 
6 and 13 of the primal solution (Diagram 13.3) and equa- 
tion 1° of the dual solution (Diagram 13.4). 

Situation 14. Let enterprise j, belonging to the first group, 
be located in sub-areal q, i.e. z;, = 1. In this situation the 


1/2 20—0375 
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following holds: 
uj, = S jq +A;W, + yi Ay jUrq = 
T 
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From an examination of the equation’s structure we see 
that an enterprise’s shadow price indicates the amount of 
the total costs of building and operating it within the 
complex. It consists of two types of input: namely, (a) 
direct costs of building the enterprise (S;,); and (b) the 
grand total of the costs of the feedback arising in the com- 
plex because of the need to develop elements of its economy 
linked with this enterprise. In the model being examined the 
second inputs are: the costs of compensating for farmland 
taken to build the given enterprise (A;w,); and the costs 
of building facilities of the sub-areal infrastructure (A,;U xq), 
providing for the population (aL,w,), developing the trans- 

s NN) pd 9 
port system (>) | bes ATE and on power supply (9;w,). 
1 


Situation 15. We now consider enterprises j, and j, belong- 
ing to the second group, enterprise j, being located in sub- 
areal q, and enterprise j,insub-areal g,. Enterprise j, deliv- 
ers goods to enterprise j, by variant r, of the transport 
system. The problem of siting enterprise j, is thus introduced 
into the model both explicitly and indirectly (through con- 
straint 6) in the siting of enterprise j,. The following holds 
for this situation: 


Uj, = Sq, + AW + p2 Ae oe 
He Cli doth als py Dreiig Wa hiD jqley wre. (13.43) 
wea = Siege = Aj,Wq5 te pa Axj Ura, ala AL j.Ug, “its 
A: pa Danae e en (13.44) 


Analysis of these expressions shows that the shadow price 
of the transport links in these conditions performs the role 
of the shadow price of the consumer-enterprise [expression 
(13.13)] while the shadow price of the supplier-enterprise 
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indicates the sum of the total costs of siting the two enter- 

prises, i.e. the supplier and the consumer-enterprise. 
Finally, we examine the optimality criterion of the dual 

solution. As before we compare the values of the objective 

functions of the primal and dual solutions in the optimum 

plan. Transposing the negative terms from the function of 

the dual solution to that of the primal solution, we write: 
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From examination of the structure of expression (13.45) 
we see that the grand total of the direct costs of siting and 
building the given set of enterprises of the specialisation 
industries within the complex consists of the following: 
the direct sectoral costs of building the enterprises plus 
the complex’s costs of building the infrastructure and 
exploiting local resources (the expression in the first set 
of round brackets is the objective function of the primal 
solution); and the grand total of the rents received by the 
complex from rational allocation of local resources and uti- 
lisation of the infrastructure’s capacities (the expression in 
the second set of round brackets). 


Analysis of the shadow prices of these simplified spatial 
models of a complex thus demonstrates that the economic 
sense and structure of each shadow price is determined by 
the concrete constraints of the models being studied. In spite 
of the differences, however, the shadow prices of the analo- 
gous constraints of the various models and those of the anal- 
ogous constraints of one model have features in common that 
make it possible to group them, as follows: 

(1) the shadow prices of the assignments (a) for shipping 
out products of the specialisation industries [(u;;) in the 
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first model] and (b) for siting enterprises of the specialisa- 
tion industries [(w;) in the second model]; 

(2) the shadow prices of the use of output (resources, serv- 
ices): in the first model wjp, Wp, Won, Wer, Wyn; in the 
second model wg, Urg, Ug, Wa, Wa, Wei 

(3) the shadow prices of the efficiency of variants of the 
location and operation of production activities: in the first 
model Bix, &brs Berry, Bn} in the second model vt,; the shad- 
ow prices of the efficiency of employing underloaded capac- 
ities of existing facilities of the infrastructure: in the first 


model az) and in the second model vy, vg; the shadow 
prices of the efficiency of exploiting the best limited national 
and local resources: in the first model np¢, 8,, 8; in the second 


model v{. 

The shadow prices of these groups are employed differ- 
ently in mathematical economic analysis of the results of 
the solution, and in forming the indices of the information 
links of the models of our system for long-term territorial 
industrial planning. 
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ACCOUNTING FOR NON-LINEAR 
DEPENDENCES IN TERRITORIAL MODELS 


O. P. Burmatova and V. Yu. Malov 


When various territorial systems are being studied by means 
of mathematical economic models non-linear conditions of 
the extremal problems are often met. Their solving by the 
methods of linear programming inevitably, as a rule, entails 
eliminating the non-linear dependences of the various indi- 
ces, which often leads to considerable over-simplifications, 
with the result that there may be essential distortions of 
the real behaviour of the system concerned. 

Take, for example, the formulation of the problem of 
optimising the spatial structure of a territorial industrial 
complex. For this the following are taken as the objects of 
investigation: enterprises of the specialisation and comple- 
mentary industries; the area suitable for industrial and civil 
building; the sections of the transport system; manpower; 
and the power system. The mathematical economic model 
of the problem is considered a linear one. 

On the whole a linear relation can be assumed between 
the different indices for a certain type of relationship (e.g. 
for that between the volume of production and the input 
of raw materials). Butin problems of optimising the organ- 
isation of a complex we also come up against very diverse 
non-linear relations. Thus unit current and capital costs 
are not identical for various volumes of production. An increase 
in scale usually makes it possible to reduce current inputs. 
All forms of current costs can be divided into two groups: 
namely, (a) constant, and (b) variable relative to the volume 
of production. Then 


9 (y) =ay +6, (14.1) 


in which g(y) is the current costs for the whole volume of 
production; 
y is the volume of production; 
6 isthe constant costs relative to the volume of production; 
a is the variable costs per unit of output (input of raw 
materials, basic supplies, etc.) 
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Dividing equation (14.1) by y and denoting EW hy ip 
we obtain: 

gy) 
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Unit capital inputs have a certain dependence on the 
degree of concentration of production in separate enterprises; 
and the functions that express the relationship between the 
grand total of the adjusted costs of the whole volume 
of output and the volume of production will be character- 
ised by alternating convex and concave segments. 

With different values of the level of output, production 
inputs (both unit and aggregate) will thus vary in non-linear 
fashion and this relation’s inclusion in territorial models 
will make the objective function non-linear. 

Unit inputs of many types of resource are also not inde- 
pendent of the volume of production. Certain specific re- 
sources (water, power, labour, land, and so on) of multipurpose 
significance are treated separately in territorial models as 
autonomous conditions. It is not always correct to treat 
their inputs as constant for different scales of production. 
As production becomes more concentrated, for instance, in- 
puts of land, labour, and certain other resources per unit of 
output fall. This also necessitates introducing non-linear 
dependences in that part of the problem’s system of con- 
straints that describes the allocation of territorial resources. 

One of the objects of investigation in models of a complex, 
furthermore, is the transport system of the area concerned. 
There is non-linearity here if the costs of transporting a 
unit of output depend on the volume of freight. 

In territorial problems, moreover, there may be non-lin- 
earity linked with the character of the relations between 
the volume of output and the amount of building work in- 
volved in creating the respective production activities, and 
with the inputs per unit of output depending on the level 
of development of the forms of social organisation of produc- 
tion (specialisation, joint production, co-operation, and so on). 

Consider certain possible approaches to take into account 
some non-linear dependences in the models of a complex: 
namely, the relation between production inputs at individ- 
ual enterprises and the degree of concentration of produc- 
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tion in them; the dependence of costs of the production 
of output on the location of enterprises of different production 
activities within one and the same sub-areal (the effect of 
agglomeration of production); and the dependence of the 
costs of building separate elements of the complex’s infra- 
structure on the volume of production of its enterprises. 

The non-linearity of the first two types of dependence 
can be taken into account by reducing the problem of op- 
timising the formation of a complex to an enumerable one. 
Then the non-linear character of the relation between 
inputs and volume of production is taken into account by 
representing the possibility of developing the enterprises 
considered as a finite number of variants for each of which 
there are corresponding values of the objective function, 
given in tabular form. A lowering of unit inputs with in- 
crease in an enterprise’s capacity can thus be allowed 
for. 

The following approach can be employed to account 
for the dependence of inputs for the production of output 
on the mutual location of the enterprises of various pro- 
duction activities in one and the same industrial sub- 
areal. This circumstance, of course, can have a definite 
effect, owing to joint use of the elements of the production, 
social, and amenity infrastructure. But as new facilities 
are sited this effect is reduced, so that the saving in inputs 
from siting a fourth enterprise, for example, in a sub- 
areal with three already existing enterprises is greater than 
that from siting a fifth, and smaller than from siting a 
third enterprise (with two existing ones), and so on. The 
saving in inputs from the joint siting of a group of enter- 
prises in one sub-areal varies in non-linear fashion. This 
can be taken into account as follows. 

The matrix of the size of the saving in adjusted 
costs from joint locationis given from estimates. Consider 
the case of a matrix containing information on the size 
of the inputs for a pair of enterprises only (the method for 
computing the amount of the saving when more than two 
enterprises are sited in the same sub-areal is given below). 
The matrix is given in Diagram 14.1. 

In the diagram 1;, (i 4j; i, j =1, n) is the amount of 
the saving in inputs from joint location of two enterprises 
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Diagram 14.1. 


Matrix of the Savings in Total Inputs from Joint Location 
of Enterprises in the Same Area 


No. of enter- Number of enterprises (i=+/) 
prises of differ- 
ent produc- , 
tion activi- 1 2 3 5) n—1 n 
ties 
i | 0 lie lig Lj | lin-1} lin 
2 loy 0 log | lj | lon—1 lon 
3 Tenney 32 0 | 13 j | I3n—4 Ign 
id | 
i iS = lig OOM | lij | lin-y lin 
n—1 * -1,1 Ly -1,2 In | ai I, | | ) ln-1, n 
n | tm Ine Ing Un j In, n-1 0 


of different production activities (i and j)* in one sub- 
areal. The matrix is symmetrical: l;; = 1;; (given i a 
The elements of its main diagonal are equal to zero: J;; 
with i =j (i.e. when two enterprises belonging to one 
industry are located in the same sub-areal they are counted 
as one). It will be evident that some of the values of J;; 
(given i =4j) may also be zero. 

Now suppose that n enterprises are simultaneously lo-| 
cated in one sub-areal. To calculate the total saving of! 


* The matrix contains data on the savings in input for all possible} 
pairs of these enterprises. The number of such pairs will be equal to| 


the number of combinations of two from n, i.e. c2. 
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inputs from their agglomeration in one area we first arrange 
the values of /;; (given i j; i, j = 1, n) in descending 
order: 


Lins > lain > -+- > la,e: 
n 


We then calculate the following: 
Ly — Oy lajy — Oy max Lois), 
k=1, C” 
Ly = Ayling: 
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in which a, (k =1,C%) is a coefficient characterising how 
far growth of the saving has been slowed down with increase 
in the number of enterprises sited in the same area (a, < 1). 
In our example it is taken, for convenience’s sake, that 
4 4 4 
CC 1 Goa Fag? Carre 3 a6 pa het re 
Ade on Aca = nae 2 


The summed effect of joint location is 
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It must be remembered here that with several enterprises 
of different production activities sited within one areal, 
two situations are possible, situations that have to be taken 
into account when the values of J;; are determined: namely, 
(1) several enterprises are located in a sub-areal whose 

territory has not yet been developed; 
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(2) enterprises have already been built in the sub-areal 
and new ones are being added. 

In both cases the value of /;; (for the same sets i and j) 
will obviously be different. In the first the siting of enter- 
prises in an undeveloped sub-areal will inevitably entail 
a raising of the initial costs of building the needed ele- 
ments of the production and social infrastructure. In the 
second case, the sub-areal has already been developed to 
some extent, and individual enterprises are functioning 
in it; the siting of new enterprises will entail lower inputs 
because they can use already existing elements of. the infra- 
structure. The lowering of inputs through the joint location 
of several enterprises in the same sub-areal will therefore 
be greater in this case than in the first one, i.e. the saving 
in inputs J;; will be differentiated by sub-areals according 
to their degree of development. Since pairs of enterprises 
(i, 7) were taken as the initial combinations, 


ij with the siting of enterprises iand j in an unde- 
Lips veloped sub-areal; 
oS with the siting of enterprises i and j in a de- 
veloped sub-areal, with Jj; > jj. 


The non-linearity of the function of dependence of in- 
puts on concentrating production activities is allowed for 
by employing a point approximation of it. 

Another approach proposed for accounting for non- 
linear dependences is based on the possibility of repre- 
senting the coefficient of the objective function c in the 
form of the function c = f(z). In the modified model of 
a complex’s spatial organisation this function is written 
in general form as follows: 


(c, x) — min; 
Ci fi(Z) ote, Cy= fj (Xy tee Ln) Vir 


where c; is the coefficient of the objective function; and 
xz; is the rate of functioning of the methods. 
The effect of enlarging enterprise j’ equals cj-= f; (z;), 


dfj;, a lget! At: ; 
tdi <0. This indicates that the inputs to produce 
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a unit of output are lowered as the scale of production 
rises, i.e. that cj, is a decreasing function of z;-. 

The effect of territorial concentration of production is 
represented as a function of two variables: 


Aci; = fiz (Xi, 2), 
where Ac;; is the lowering of inputs associated with siting 
the enterprises in one sub-areal; 
x; (x;) is the rate of operation of enterprise i (j) in 
this sub-areal. 

The function Ac;; is an increasing one for both z; and 

z;. Its coefficients are thus represented as 
ci =¢} —a Ac;;; 
cj =c}—(1—a@) Ae; ;, 
where c? (cf) are the inputs for enterprises i (j) when sited 
separately; 
a — is the share of enterprise i in the saving ob- 
tained by territorial concentration of production ac- 
tivities i and j. 

When the effect from increasing the output of enter- 
prise i’ and that of bringing it closer territorially to enter- 
prise j are both realised, the coefficient of the function for 
enterprise i’ is calculated according to the following rule: 


Cy — ch. —aA Acy;; 
where 
cy = fir (ir) Le. co = fi (tv) = Ofirj (Zi, Z)). 


The potentialities of linear models allow us to take 
account only of certain forms of change in outputs depend- 
ing on the rate of operation: namely, when unit inputs 
rise with an increase in the rate of exploitation of the 
method. 

Such dependences are inherent in the indices charac- 
terising the exploitation of land and water sources during 
the forming of a complex. In that case the model includes 
all possible variants of the exploitation of resources with 
the corresponding costs of these variants; and the problem 
solved is one of linear programming. But the character 
of the dependence of unit costs of the rate of operation 
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of the method is an opposite one for many elements of the 
economy. The variants for the building of sections of rail- 
way, transmission lines, etc., are of such a character. In 
this case that part of a variant (with a low rate of operation) 
with a higher capacity but, of course, lower unit inputs 
is selected, given linear formulation of the problem. It 
is not feasible to account for this kind of dependence in 
a linear model by introducing different variants. With 
a whole-number (enumerable) formulation these problems 
are resolved by introducing Boolean variables, but there 
are still no working programs for solving such large-scale 
problems, which forces us in practice (in order to solve 
them in a continuous formulation) to look for other ways 
of reflecting dependences. One of these ways is to represent 
the coefficients of the objective function as c = f (zx), for 
which we approximate them to a continuous function. 

The practical computations made by using the proposed 
modification of the notations of the constraints for form- 
ing the coefficient of the objective function, provide grounds 
for supposing it is possible to construct an iterative process 
for determining the range of possible changes of the plan, 
and of changes in the objective function’s coefficients for 
problems with a certain type of function f (z). 

Both the first and the second ways of accounting for 
non-linear relations, however, as yet only enable us to 
solve a comparatively narrow range of problems (with low 
dimensionality, a small number of varying coefficients 
of the objective function, etc.), associated with the discrete 
character of the changes inherent in most of the processes 
being modelled. The methods proposed here for the purpose 
must therefore be regarded as possible directions for looking 
for an adequate representation of the real objects in models 
of territorial industrial complexes. 
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THE USE OF PATTERN-RECOGNITION 
TECHNIQUES TO DETERMINE THE 
BOUNDARIES OF TERRITORIAL 
INDUSTRIAL COMBINATIONS 


I. V. Mymrin and A. M,. Shustorovich 


When optimising mathematical economic problems of long- 
term territorial planning are being formulated,it is neces- 
sary, as a preliminary, to elucidate the spatial charac- 
teristics of the object of investigation. Various taxons 
are employed, depending on the purpose of the work, but 
very often they are not adequately substantiated as regards 
economic geography, because they do not have spatially 
defined parameters. 

For the problem of specialising a region’s system of 
complexes we tried to identify the sets of areals within 
the territory being studied, with each areal characterised 
by a certain community of conditions (properties) of eco- 
nomic development. 

An areal is taken as internally homogeneous as regards 
a set of attributes rather than one attribute alone, the 
combination being characterised by similar integral condi- 
tions of the location and operation of the main production 
activities, and of settlement. These territorial industrial 
formations vary in area. It is assumed that one or more 
industrial centres can be formed (or already operates) 
within each separate areal, and that a combination of 
adjacent areals (at least two) will form a large territorial 
industrial complex within a region. 

A schematic map of the areals of Siberia had already been 
compiled which generalised the published data quantifying 
regional differences as regards regions’ economic develop- 
ment. The boundaries of the zones of action of the various 
adjustment coefficients reflecting spatial variations of the 
economic indices of the development of new areas according 
to different conditions and factors (climatic, seismic, trans- 
port, and many others) were shown on the map by isolines. 
The cartographic method, however, did not yield the des- 
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sired result; the isolines intersected the studied area of 
Siberia in various directions, and it was impossible to 
isolate the complex characteristics of its separate 
sectors. 

Other techniques also used in physico-geographic and 
economic zoning also leave much room for subjective judge- 
ment, and the danger of selecting an erroneous network 
of conjugated areas is great. 

The sector on the forming of territorial industrial complexes 
of the Institute of Economics and Industrial Organisation 
tried to distinguish areals by means of the mathematical 
technique of pattern recognition. 

As we know, certain observed phenomena (and objects) 
are grouped by means of a complicated system of trial- 
and-error statistical methods (including operations of gener- 
alisation, limitation, analysis, synthesis, association with 
past experience, and so on). The logic of constructing algo- 
rithms consists in automatic selection of one of the possible 
variants of the combination of given objects of recognition 
on the basis of analysis and synthesis of the attributes 
characterising them that do not contain direct indications 
of which possible solution is best. We considered the oppor- 
tunities of employing this method in situations in which 
solution of the problem of perceiving geographical phenom- 
ena (recognition) called for intuition and great experience 
on the part of the researchers, i.e. of specialists qualified 
in the field of economic zoning. 

To solve this mathematical problem we took the central 
districts of Irkutsk Region. The boundaries of this vast 
territory, with an area of 512,000 square kilometres, co- 
incided in the west, north-west, and south with the Re- 
gion’s administrative boundaries, in the south-east and 
east with the shores of Lake Baikal, and in the north and 
north-east with the boundaries of several of the Region’s 
northern districts. It was necessary to divide this area into 
an invariant system of areals, the shape and size of which 
were not known in advance. The main features of the 
formulating of the problem consisted in the follow- 
ing. 
(1) A mathematically rigorous description of the de- 
sired territorial combination or areal (in our case, a pat- 
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tern) could not be employed because the information avail- 
able did not allow the initial taxon to be delineated, and 
necessitated the classifying of previously unknown pat- 
terns. It was necessary, consequently, to employ recogni- 
tion algorithms based on cluster analysis. As regards the 
territory of each areal (Ar), however, it was assumed that 
there were upper and lower limits that could be conven- 
tionally designated as IC < Ar < TIC (where JC was 
an industrial centre, and T/C a regional territorial in- 
dustrial complex). 

(2) The area of the territory being studied was immense. 
Although its given shape and area indicated the exist- 
ence of a finite system of desired areals, their total number 
was not known in advance, and might be quite 
large. 

This specific feature of the problem of delineating areals 
defined the initial limitations, as follows: 

(i) the location and number of single objects of recogni- 
tion were given in advance; 

(ii) areals (patterns) did not overlap in space; 

(iii) the initial description of the objects of recognition 
approximated to a finite number of attributes, on 
which basis the automatic search for the sought-for 
patterns (areals) was built up. 

Sixty settlements in Irkutsk Region were taken as the 
objects of recognition that could form areals. They were 
selected so as, on the one hand, to cover the area of the 
Region being most intensively developed economically 
and, on the other hand, to reflect the outlook for their 
future development. A settlement was interpreted as a 
point in the space of attributes (indicators) reflecting the 
regional conditions and factors of the territorial organisa- 
tion of social production, taking into account the pros- 
pects for socio-economic development of the area con- 
cerned. 

Finally, each settlement had its own special qualita- 
tive and quantitative characteristics. At the same time, 
it possessed a system of attributes with a certain level 
of quantitative values expressing the character of its con- 
nections with the surrounding territory, i.e. with its na- 
tural, economic, social, and other conditions of economic 
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development. This objective contradiction found expression 
in an unevenness in the distribution of urban and rural 
communities; on the other hand, it made it possible to 
fix their boundaries in time and _ space. 

Not all the information about settlements was formalised, 
and the preparation of the initial datafor solving the rec- 
ognition problem called for rigorous logical analysis of 
their suitability for the traditional solution of such prob- 
lems. In principle, pattern recognition does not limit 
the total number of objects of recognition, or of the attributes 
characterising the patterns. It is advisable, moreover, for 
the number of objects being classified to be quite large, 
because the system of patterns obtained in the solution will 
otherwise be extremely sensitive to the choice of attributes 
and the statistical accuracy of the coefficients of similarity 
will be low. 

In the preliminary stage of formulating the experimen- 
tal problem 40 indicators were examined. Not all of the 
known ones characterising settlements could, however, 
be employed as initial attributes for machine computation. 
Some of them had identical terms in the conditions; others 
were complicated constructs, being in fact synthetic in- 
dices, and called for data in the computations that were 
not then available in the regional statistics. Allowing 
also for the technical possibilities of the programs available 
for computers, a limited set of attributes of the objects 
of recognition was determined. These were indices: (a) 
of location; of soil and climatic conditions (length of the 
frost-free and vegetation periods; amount of precipitation); 
(b) of the density of the river system; (c) of the engineering 
geology conditions (relief, soils, seismicity, permafrost); 
(d) of the availability of minerals (coal, underground waters, 
iron ore, non-ferrous metals, chemical raw materials, oil 
and natural gas); (e) of timber resources (forest cover); 
(f) of the accessibility of transport (road and rail); and nay- 
igable river routes; (g) of the density of population and 
the size of settlement points; and (h) of the specialisation 
of hunting and farming. 

The set of indices was chosen so as to correspond in prin- 
ciple to the purpose of delineating areals of Irkutsk Region 
such that the most accessible regional information could 
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be used to solve the problem. The indices reflected the spe- 
cific nature of a definite area, and called for the same pre- 
cision and alteration as for the formulation of similar prob- 
lems for other regions of the USSR. 

In our view there are now ample grounds for consider- 
ing it feasible to draw up an algorithm of the process of 
defining an informative system of economic zoning indices. 
The set of attributes mentioned above cannot, therefore, 
be considered final; it met the purposes of our experimen- 
tal study, however, and no less important, made it 
possible to employ the numerical data of geographical 
maps of this area at this stage of the solution. This methodo- 
logical feature of our approach needs to be stressed. A map 
is the language, the initial standpoint, of zoning, and 
at the same time its end result, in the form of a_ geo- 
metric network of the partition of the area being stu- 
died. 

For the first experimental solution of the problem we 
used an algorithm and program compiled in the Power 
Institute of the Siberian Department of the USSR Academy 
of Sciences. This algorithm was based on the concept of 
proximity as computed by Euclidean geometry. The pro- 
gram was constructed so that the two closest objects were 
put into group £, in the first step of the computations. 
After that the distances of each of the other objects from 
group L, as delineated were recomputed (using equal average 
arithmetical distances to the constituents of group £,), 
and group ££, was subsequently treated asa_ single 
object. 

The next steps were carried out similarly, successively 
uniting objects and groups into new, larger groupings. 
The criterion adopted to evaluate each grouping of objects 
was the value of d = d, + d,, in which d, and d, (for group 
k) were respectively equal to 


d\® — al fee hy. 
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These formulas characterise the degree of proximity—the 
first between groups, and the second between the objects 
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within a group. The grouping of objects was complet- 
ed when AR groups corresponding to min d had_ been 
selected. 

The experiment made it possible to delineate 28 groups 
of settlements (objects) differing in a wide range of economic 
and geographic characteristics. The areals obtained dif- 
fered in the number of settlements involved, which indicated 
the difference in their shapes and size, and also had a 
differentiated quantification of the local conditions and 
factors of their economic development, allowing for their 
future prospects. 

The first results of the formulation and solution of the 
problem by the mathematical technique of pattern recogni- 
tion permitted us to conclude that the method suggested 
worked quite flexibly, bringing out the spatial differences 
in the organisation of a specific areal’s industry and settle- 
ment, all of which provided the basis for a study of certain 
methodological problems of the theory and practice of eco- 
nomic zoning. 

At the same time, the first stage of the experiment showed 
that the method used was not quite adapted to the tasks 
of economic zoning. In particular, the algorithm used 
did not let us calculate the essential heterogeneity and 
incommensurability of the attributes by which the area 
was divided up. In preparing the initial information, 
therefore, we tried to make the attributes commensurable 
beforehand, by employing scales with equal ranges 
for them, taking the value of the attributes for group- 
ing objects as equal. The drawbacks of this equating 
of attributes led to a considerable number of areals that 
contained only one or two objects of recognition (settle- 
ments). 

Doubts about the correctness of the method of equating 
attributes used also arose at the stage of formulation of the 
experimental solution, because it called for supplementary 
weighting, for an equivalent to the choice of “standard” 
units of measurement along the attribute axis. 

The difficulties of this equivalent weighting of the at- 
tributes of recognition can be overcome, in our view, by 
another approach: namely, that which we used in the second 
stage of dividing the territory of the central districts of 
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Irkutsk Region into areals characterised by similar con- 
ditions of economic development. 

The exercise of delineating areals in Irkutsk Region 
was posed asa problem of finding the optimum of the proposed 
criterion of divisibility as a whole. This criterion of 
quality is a modification of the intersection index of the 
samples employed in discriminant analysis. It is essential 
that the “proximity” of objects for a given criterion should 
not depend on the units of measurement of the attributes 
concerned. In that way one can avoid the difficulties of 
equivalent weighting of attributes that arose in the first 
stage of the solution, and can also employ similar initial 
information for the second stage. 

In addition, the quality criterion makes it possible to 
compare the results of dividing a territory into a different 
number of areals, and so to find their optimum spatial 
structure. As a result of solving the problem the statistical 
characteristics of the groups formed by all attributes were 
determined, which helped interpret the zoning scheme 
obtained consistently. 

The series of computer calculations of the second ex- 
perimental solution of the problem of defining the bound- 
aries of territorial combinations made it possible to de- 
lineate ten groupings of objects in the central part of Irkutsk 
Region. The areals of the territory studied had more clearly 
expressed spatial parameters than in the first solution 
and, which is particularly important for defining their 
boundaries, considerably fewer groups with a minimum 
number of objects (settlements). 

Although the new scheme had areals that represented 
a single settlement, their number was much reduced com- 
pared with the first solution. There were now only four 
such areals; and in the solution they belonged to one or 
other of the groups characterised by similar conditions 
of economic development. 

The theoretical scheme of the algorithm used in the second 
stage of the solution thus significantly improved the po- 
tentiality of pattern recognition as a technique for general- 
ising the sets of objects being studied, and enabled us to 
make a representative description of the individual features 
of the economic development of the areals of Irkutsk Region. 
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Analysis of the scheme obtained, however, indicated 
that even use of the new algorithm would not exclude 
areals representing one settlement or with complicated 
shapes (ribbon, sinuous, etc.). In our view this was 
linked with an underestimation during preparation of the 
initial data of the specific nature of geographic posi- 
tion of the objects within the boundaries of the territory be- 
ing studied, which stood out by itself among the other at 
tributes characterising their economic and_ geographic 
features. 

One way of solving the problem presented was to make 
a certain modification of the proposed quality criterion 
for dividing up the area into regional combinations 
(areals). 

We represented each object as a vector in the space 
E = RT + R™, in which RT? was the sub-space of the 
attributes describing the geographic position of an object, 
and R™ —the sub-space of its other economico-geographic 
features. The specific nature of the problem being considered 
thus required the criterion employed to have the following 
properties: 

(1) invariance as regards all diagonal transformations 
and shifts in RT’; 

(2) invariance as regards shifts and similar tensions, 
but non-invariance as regards other transformations in 
RN; 

(3) the possibility of allowing for the different signif- 
icance of the various economico-geographic characteris- 
tics and geographic position, depending on the purpose 
of dividing the territory up. 

The first property means that conclusions about the 
similarity of objects or the proximity of their groups do 
not depend on the units of measurement and points of origin 
of the co-ordinates on the heterogeneous axes of the charac- 
teristics. The second property is linked with the fact that 
the metric is given in R? and can be measured in different 
units, while readings can be made from any point of origin 
of the co-ordinates. Note, too, that when the first two 
properties are met the requirement of allowing differently 
tor geographic position and the set of other economico- 
geographic characteristics is satisfied. 
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Different variants of allowing for the geographic position 
of objects are now being studied, starting from the specific 
character of the problems of dividing up a territory. In 
the second stage of the solution of this problem for Irkutsk 
Region, when economic-geographic information already 
available was employed, several different initial divisions 
of the area were therefore tested; the final result from them 
proved very stable. 


REQUEST TO READERS 


Progress Publishers would be glad to have your 
opinion of this book, its translation and design and 
any suggestions you may have for future publications. 

Piease send all your comments to {7, Zubovsky 
Boulevard, Moscow, USSR. 
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SAUSHKIN Yu. Economic Geography. Theory and 
Methods 


This book by one of the Soviet Union’s leading eco- 
nomic geographers reviews the historical development 
of economic geography, of its theoretical concepts, 
methodological principles and their application in 
research practice. The book also investigates the pos- 
sible course of the future development of economic 
geography and the prospects for applying scientific 
methods in the national economy. In terms of its vol- 
ume of information and range of problems, Professor 
Saushkin’s work is an outstanding contribution not 
only to Soviet, but to world geographical literature. 
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